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Leiodon anceps, Owen, U. C. Part I, p. 42, tab. ix a. 

Mosasaurus gracilis, Owen, U. C. Part I, p. 31, tab. viii, figs. 1, 2, 8 ; tab. ix, figs. 1 — 5 ; 
tab. ixA, fig. 9. 

Plesiosaurus Bemardi, Owen, U. C. — U. G. Part I, p. 60, tab. ix, figs. 8, 9 ; tab. xviii ; 
Sup. IV, p. 7, tab. iv. 

Plesiosaurus constrictus, Owen, U. C. Part I, p. 61, tab. ix, figs. 6, 7. 
„ latispinus, Owen, L. G. Sup. IV, p. 14, tabs, vii, viii, ix. 

„ pachyomus, Owen, U. G. Part I, p. 64, tabs, xx, xxi. 

„ planus, Owen, U. G. Sup. IV, p. 2, tabs, i, ii, iii. 

„ neocomiensis, Campiche, U. G. Sup. IV, p. 11, tab. vi. 

„ sp., L. C. Part I, p. 63, tab. xix ; p. 66, tab. xvii. 

„ sp., L. G. Part I, p. 62, tab. xx, figs. 7, 8. 

Pterodactylus compressirostris, Owen, L. C. Part I, pp. 95, 98, tabs, xxiv, xxvii, fig. 5 ; 
tab. xxviii, figs. 8 — 10 ; tab. xxx, figs. 4, 5*. 

Pterodactylus Cuvieri, Bowerbank, L. C. Part I, pp. 88, 97, tab. xxviii, figs. 1 — 7 ; tab. xxx, 
figs. 1 — 3*. 

* For additional remarks on the Iguanodon, see ' Monograph on the Wealden Reptilia.' 
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Pterodactyliis Fittoni, Owen, Up. Greensand. Sup. I, p. 4, tab. i, figs. 3, 4, 5. 
,, giganteus^ Bowerbank, L. C. Part I^ p. 91, tab. xxxi. 

,y Sedgwickii, Choen, U. G. Sup. I, p. 2, tab. i, figs. 1, 2, 6, 7; tabs, ii, iii, 

tab. iv. 

Pterodactylus simus^ Owen, U. G. Sup. Ill, p. 2, tab. i, figs. 1 — 5. 

„ Woodwardi, Owen, U. G. Sup. Ill, p. 4, tab. i, figs. 6 — 16; tab. ii, figs. 

1—4, 7—12. 

Polyptychodon continuus, Owen, C. — L. G. S. p. 47, tab. xiv, figs. 4, 5, 6. 

continuus (?), L. G. S. Part I, p. 47, tabs, xii, xiii. 

intemiptus, Owen, M. C. — U. G. Part I, p. 55, tab. x, figs. 7, 8, 9 ; tabs, 
xi, xiv, figs. I, 2 ; Sup. Ill, p. 20, tab. iv, figs. 1 — 3. 

Protemys serrata, Owen, L. G. S. Part I, p. 15, tab. vii. 
Raphiosaurus subulidens, Owen, L. C. Part I, p. 19, tab. x, figs. 5 and 6. 
„ sp., U. C. p. 20. 
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410^ 1851, e.g., is 2 inches 2 lines; that of the wing-bone, figured in Tab. IV, figs. 
1 — 3 of the present Monograph, is 3 inches. The transverse diameter of the distal 
end of the humerus of Pterodactylus grandisj Cuv., the largest species hitherto 
obtained from the Lithographic Slates of Germany, is 1 inch 3 lines ; neither the 
radius, ulna, nor metacarpal of the wing-bone of the same species presents a diameter 
of its largest end equalling 1 inch.* 

The articular end of the long wing-bone (Tab. IV, figs. 1 — 3), being most pro- 
bably that of an antibrachial bone, and the total length of the bone, whether radius 
or ulna, being, according to proportions of either of these bones in Pterodactylus 
suevicuSf 1 6 inches, the following would be the length of the other long bones of the wing 
in the large Pterodactyle to which the above-cited specimen belonged, according to the 
proportions which those bones bear to the radius or ulna in Pterodactylus suevicus : 



Humeroa 

Radios 

Metacarpus of wing-finger 

First phalanx of do. 

Second do. do. 

Third do. do. 

Fourth do. do. 



Ft. 


In. 


Lines 


1 








1 


4 





1 


8 





2 


3 





1 


9 





1 


5 





1 


1 





10 


6 






Total length of long-bones of one wing 



Supposing the breadth of the Pterodactyle between the two shoulder-joints to be 
8 inches, and allowing 2 inches for the carpus and the cartilages of the joints of the 
different bones, in each wing, we may then calculate that a large Pterodactylus Sedgwickii 
would be upborne on an expanse of wings of not less than 22 feet from tip to tip. 

I look forward with confidence to futui*e acquisitions of remains of the truly 
gigantic Pterodactyles of the cretaceous periods, more especially from the Green- 
sand locality, near Cambridge, as a means of throwing more light on the peculiar 
osteology of the extinct flying reptiles. 

For the opportunities at present afforded me, I have to express most grateful 
acknowledgments to my old and much esteemed friend the Rev. Professor Sedgwick^ 
F.R.S. ; to the acute and active curator of the Woodwardian Museum, Mr. Lucas 
Barrett, F.G.S. ; to James Carter, Esq., M.B.C.S., Cambridge ; to T. W. Beddome, 
Esq., of Trinity College, Cambridge; and to the Rev. G. D. liveing, M.A., of St. John's 
College, Cambridge, to whom I am indebted for the lower jaw of Pterodactylus 
Sedgvnckii (Tab. I, figs. 2, a, 6, c, d). 

* These admeasurements are derired from the excellent figures of a recently acquired specimen, well 
described by Professor Andreas Wagnke of Munich, in the " Abhandlnngen der Rais. Bayer. Akademie 
der Wiasenschaft/' Band iii, p. 663, UL ziz. 
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Order— DINOSAURIA, Owen. 
Genus — Iguanodon, MantelL 

Dentition of the Upper and Lower Jaws (Tab. VII), 

In the year 1858 a considerable part of the skeleton of an Iguanodon was dis- 
covered in the Lower Greensand formation at Black Gang Chine, Isle of Wight. 

The workmen disposed of various parts of it, as opportunities offered; 
and before steps could be taken to secure the whole for the British Museum, 
portions of jaws and teeth had passed into the hands of private collectors. From 
the best account of the discovery that I could collect, it appeared that the entire 
cranium, somewhat dislocated, had been brought to light by the quarrymen ; but 
the bones were in a peculiarly fragile, crumbly state, and only the firmer parts of 
the jaws^ lodging the teeth, were secured, and these portions in fragments. Some 
of them, of both upper and lower jaws, are now in the British Museum ; and 
learning that other portions had been acquired by George Robbins, Esq., F.G.S., 
of Castle, near Bath, I addressed a letter to that gentleman, who very kindly 
brought his specimens to London, and liberally placed them in my hands for de- 
scription. The largest fragment fitted on to another portion of the jaw in the 
British Museum, adding to its value as an illustration of the most interesting of 
the hard parts of the Iguanodon. It consisted of a fragment of the left upper jaw, 
with three teeth ; there were also three fragments of the left ramus of the lower 
jaw, with one or more teeth in each. 

The germs of the new teeth are developed, in all Saurians, as is well known, 
on the inner or mesial side of the base of the old teeth.f One of the teeth in the 

* This Memoir was given as " Sapplement (No. 11) to the Monograph on the Iguanodon," in the 
1858 Tolnme. 

t Of this character Professor Melville ably availed himself in determining the upper and lower teeth of 
t^ Iguanodon, in the joint memoir, by Dr. Mantell and himself, in the ' Philos. Trans.' for 1818. 
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portion of the upper jaw (Tab. VII, figs. 1, 2, and 3, m) has its summit obliquely 
worn from above downward and outward to the enamelled trenchant border ; the 
contiguous tooth, », the summit of which has not suffered abrasion, is pressing 
upon the smooth, concave side of the older tooth ; a third tooth, o, the crown of 
which is still buried in the alveolus, has the same relation to the more advanced 
tooth, II. The smooth, concave sides of these teeth, shown in fig. I, are, therefore, 
the inner or mesial ones, and the flat surface of bone extending from the alveolar 
border is the inner or palatal alveolar wall of the maxillary bone. 

The crown of each tooth shows that more definite and prominent primary 
ridge on their outer side (a, figs. 2, 3, and 4) which is characteristic of the teeth 
of the upper jaw of the Iguanodon. 

In figs. 5 and 6, three of the teeth ( m, », o) show precisely th^ same stages of 
growth as the foregoing one; one (m) has the summit abraded from the enamelled 
trenchant border downward and outward ; in a second (n) the crown is extri- 
cated, but not worn ; in a third (o) the major part of the crown is still in the 
formative cell. The relative position of these three teeth to each other is, in one 
respect, the reverse of those in fig. 1. The convex ridge side of the crown of 
the second tooth (fig. 5, ») partly overlaps (instead of being overlapped by) that 
of the first (m), and it is similarly overlapped by the germ of the third (o). 
The side of the jaw to which the newer teeth (a r, fig. 5) are nearest is the 
inner one ; the smooth, longitudinally concave, side of the tooth is next t\)e outer 
side of the jaw (fig. 6) ; they belong to the lower jaw, and they show the formal 
characters of mandibular teeth ; the primary ridge, a, is less produced. 

The upper teeth (figs. 1 — 4) are narrower, in the direction of the length of the 
jaw, or from c to d, and are less curved than the lower ; the fang and base of the 
crown are thicker, transversely to the jaw or from atog (fig. 4). The primary 
ridge, a, is more prominent ; the secondary ridges, 6, are less constant and less 
marked than in the lower teeth. Both fore (c) and hind {d) borders at the 
base of the crown are entire, and are bent or produced slightly outward, bound- 
ing the transversely concave arese between them and the primary ridge ; they 
slightly diverge as the crown expands; along its apical half both borders are serrate 
or serro-lamellate, converge, and, with a slight difference of contour, meet at the 
apex of the unworn crown formed by the termination of the primary ridge (» o, fig. 2). 
This ridge, a, commencing in a tooth 3^ inches long about 1 inch 8 lines from the 
base, becomes thinner and sharper as it projects, which is to the greatest degree 
before it reaches the middle of the crown, whence it gradually subsides to the 
apex ; its longitudinal profile is a slight curve convex outward : this ridge 
divides the outer side of the crown unequally, the front area, a, c, being broader^ 
sometimes nearly twice the extent of the hind one, a, d. The dentated margin of 
the crown to which the primary ridge is the nearest is the posterior one, and is 
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the shortest and straightest (fig. 2, d). A few, irregular, linear, minute^ ridges 
mark the enamel in both arese ; being more oiumerous, from three to five, in the 
wider one, and not more than one or two of these extend from the base to the 
apex of the crown; at the base they converge and sometimes unite as they descend. 

The fore part of the tooth is slightly hollowed at the basal half of the crown 
(fig. 4ff e) ; the fossa, which is elongated and concave transversely, gradually filling 
ap towards the apex ; below the middle of the crown, at the apical half, the fore 
part of the crown (fig 1, e) is convex transversely. The hind part of the tooth 
(fig. 4,/) is impressed by a longer, wider, and shallower depression, beyond 
which it shows an oblique, rather flattened than convex, surface. The inner part 
of the tooth, which is narrow in the fang (fig. 4, g), gradually expands upon the 
crown to near the apex, where it again grows narrower ; at its broadest part 
it IS flattened or even a little concave transversely, but rounds off convexly into 
the fore and hind parts of the crown (fig. 1> m). 

The abraded surface of the crown is remarkably smooth and level ; it inclines 
from before downward and backward, and more so from within downward and 
outward in the upper jaw. 

The longitudinally convex and ridged part of the crown being external in the 
upper teeth, and the position of the primary ridge determining the fore and hind 
borders of the crown, a detached tooth may be at once referred to the right or 
left maxillary bone. The germ of the successional tooth causes an excavation on 
the inner, and generally towards the hinder, part of the base of the one in use. 

In a left upper tooth, with one fourth of the crown abraded, and projecting 
1 inch 9 lines from the alveolar border, the crown of the successional tooth had 
its apex on a level with that border, and on the inner and back part of this crown 
was the thin shell of the apex of a third tooth in the successive series. 

The outer alveolar wall of the upper jaw is very thin at the outlet of the 
sockets, and is a little produced at the intervals of the teeth ; it rapidly increases 
in thickness towards the base of the sockets. 

The inner or palatal wall also thins off to a crenate edge; so much as is preserved 
in the specimens examined was flat and smooth, as in fig. 1. The grinding sur- 
face of the tooth (m), of which one third of the apex had been worn away by mas- 
tication, projected only about half an inch from the inner alveolar margin. 

The lower or mandibular teeth of Iguanodon have a broader crown, and 
a fang less thick transversely to the jaw than the upper teeth ; they are more 
curved lengthwise, the curvature being concave outward, contrary to that of the 
upper teeth. The outer side of the tooth (fig. 6, m, and fig. 11, o) is smooth and 
convex from the fore (c ) to the hind {d) border, its greatest breadth being opposite 
the middle of the crown. The primary ridge, commencing at the enamelled base 
of the inner and flatter part of the crown (fig. 5, m,ii, and fig. 11, a), slowly rises^ and 



30 FOSSIL REPTILIA OF THE CRETACEOUS FORMATIONS. 

is most marked along the apical half, but is here much less prominent than in the 
upper teeth ; it divides the crown into two unequal arese, the front one 
(fig. 5, m, a, e) being at its broadest part nearly twice the breadth of the back one 
(ib., a, J). The front area is pretty equally subdivided by a low, secondary, 
longitudinal ridge, 6, each division being feebly concave across. The angle 
between the entire (fig. 11, t) and serrated (fig. 11 c,) parts of the borders of the 
crown is more marked than in the upper teeth ; the basal part of the posterior 
border (fig. 11,(1) seems as if it were pushed inward and forward by the crown of 
the succeeding and less developed tooth. The anterior serrated border (fig. 5, n,e) 
is at first straight, then describes a bold, convex curve as it approaches the apex. 
The posterior border (ib., d) passes almost to that apex in a straight line before it 
is rounded off to the obtuse summit, where the primary ridge terminates. At the 
fore part of the tooth (fig. 9) the fang is convex, and the basal half of the crown 
shows a lanceolate depression, slightly concave across. The back part of the 
tooth (fig. 8) shows a longer, shallow depression, *, extending over the upper half 
of the fang and lower third of the crown. The inner or longitudinally convex 
side of the narrow fang, in worn teeth, is sharply excavated, even to expose the 
pulp-cavity, by the crown of the successional tooth (figs. 13 and 14, p). 

The apex of the crown of a young successional tooth is shown at r, on the 
inner side of the tooth i? in fig. 5. The remnant of the fang and alveolar 
depressions of the old and shed teeth are shown at t, t, on the outer side of the 
succeeding teeth, in fig. 7. Both are from the lower jaw. 

The upper part of the outer alveolar wall of the mandible bends out, so as to 
be concave vertically ; its border is more deeply crenate than in the upper jaw. 
A vascular canal runs about an inch and a half beneath it, from the oblique 
orifices open upon the outer surface of the mandible. 

Figs. 10 — 14, in Tab. VII, from the dental series of the same individual, dis- 
covered in the Greensand of Black Gang Chine, exemplify different degrees of de- 
struction of the tooth by abrasion and absorption. Fig. 10 is an unworn tooth from 
the fore part of the lower jaw. Figs. 11 — 14 show the size of the majority of the 
teeth. In figs. 13, 14 the letter p marks the cavity caused by pressure of the new 
or successional tooth ; in fig. 14 it has laid open the pulp-cavity of the old tooth. 

Fig. 15 shows the inner side, and fig. 16 the fore part, of a mandibular tooth 
of a young Iguanodon, from the Upper Greensand near Cambridge. The inner 
side of the fang shows the excavation due to the pressure of the successional 
tooth (/), fig. 15). Fig 17 shows the outer and inner sides of a smaller tooth 
of an Iguanodon, from the same formation and locality. All the evidences 
of Iguanodon which have yet reached me therefrom indicate a small size ; but 
whether this may relate to the immaturity of the individual, or to a small variety, 
I am uncertain. 
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Order— SAUROPTERYGIA, Owen. 

Genus — Plesiosaurus, Conybeare. 

In former Monographs and works are given descriptions of the following 
species of Plesiosaurus from Cretaceous deposits : 

Plesiosaurus constrictus, Owen. ' Dixon's Geology and Fossils of the Tertiary 

and Cretaceous Formations of Sussex/ 4to» 
1850, p. 398, pi. xxxvii, figs. 6 and 7. 
From Steyning Chalk-pit, Sussex. 
Plesiosaurus Bernardi, Owen. Op. cit., p. 396, pi. xxxvii, figs. 8, 9. From 

the Upper Chalk, Houghton Pit, near 
Arundel, Sussex. 
Plesiosaurus pachtomus, Owen. Monograph, Palseontographical Society, 4to, 

1851, p. 64, tabs, xx, xxi. From the Upper 
Greensand at Reach, near Cambridge. 
Plesiosaurus latispinus, Owen. 'Descriptive Catalogue of the Fossil Remains 

of Reptilia and Pisces in the Museum of 
the Royal College of Surgeons of England/ 
4to, 1854, p. 63, No. 251. 

* This Memoir waa given as ' Supplement No. II,' in the volume for 1862. 
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Plesiosaurus neocomiensis, Cpche. * Description des Fossiles du Terrain Cre- 

tac6 des Environs de Sainte-Croix/ 4to, 
1858—1860, par N. J. Pictet and G. 
Campiche^ p. 12, pi. vi. 

The following are descriptions of other species of Cretaceous Plesiosauri, with 
additional illustrations of already indicated species : 



Plesiosaurus planus, Owen. Vertebral Centrums, Tab. I, II, and III. 

The cervical centrum selected for the figures 1—4, Tab. I, gives the characters 
afforded by this instructive part of the vertebral column of a Plesiosaurus. The 
flatness, both of the under (fig. 4) and of the terminal articular surfaces (fig. 2), 
suggested the name distinguishing the species, or at least the vertebrae by which 
alone this cretaceous Plesiosaur has hitherto been exemplified. The costal sur- 
faces (Tab. I, figs. 1, 2, and 4, pi) are of a narrow, oblong figure, formed, as it were, 
by truncation of the lower angles of the triangular centrum, of which the apex has 
been more broadly removed by the sections^ leaving the neural (ib., n) and neurapo- 
physial {np) surfaces above. If the borders of the costal surface have projected 
with a sharper definition, they have been abraded, as, indeed, is most probable ; 
almost all the bones derived from the stratum of Cambridgeshire phosphatic Green- 
sand being more or less rubbed or worn, either in the original imbedding, or sub- 
sequently by the mechanical appliances by which the phosphatic nodules are ex- 
tracted. I have selected the centrum which has been least subject to this attrition, 
from a large series of the present species. Subsequent observers, who may have 
been favoured with entire and unworn fossil vertebrae with the main features and 
proportions of the Plesiosaurus planus, will make allowance for the circumstances 
in which the materials for reconstructing that species first came to hand. 

What may be more certainly predicated of the costal surface is the absence of 
depth and of linear horizontal bisection, both which characters are present in the 
cervicals of some other Plesiosauri. The distance between the costal and neura- 
pophysial surfaces is nearly three times that of the vertical diameter of the former, 
and the intervening non-articular surface is smooth, and also plane or flat, sloping 
upward towards the neurapophysial border, and showing no sinking or concavity 
in the longitudinal direction. The neural surface, 2^ lines in breadth at the 
narrowest part^ slightly expands towards the posterior surface of the centrum. 
The neurapophysial surfaces are coextensive with the long or fore-and-aft diameter 
of the centrum^ and of nearly equal breadth anteriorly ; they are smooth and very 
shallow, with a slightly defined, thin border, which is undulated outwardly, descend- 
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Order— i)7iV^0/S^ UBIA. 
Genus — HvLiEOSAURUS,* Mantelh 

The third well-marked genus of Dinosautian Reptiles, referred to in a former Mono- 
graph,t is founded upon a large portion of the skeleton of one and the same individual 
(T. IV), to which the name at the head of this section has been applied by its discoverer, 
Dr. Mantell. 

In assigning to this genus a place in the Dinosaurian order, I have been guided by 
the structure of the vertebral column, especially the sacrum (T. V and VI) ; and, in 
placing it after the Megalosaurus, by the following considerations. The distinct alveoli 
in the jaws of the Megalosaurus, and the resemblance of its teeth to those of two 
extinct Crocodilians, viz., the Argenton species and the Suchosaurus, seemed to claim 
for that great carnivorous Dinosaur a position higher, or nearer to the Crocodilian 
order. In the present genus, which there is good reason for believing to have resem- 
bled the Lizards more than the Crocodiles in its dental characters, an affinity to the 
Crocodilia is, however, manifested not only by the structure of the vertebrae and ribs 
common to it with other Dinosaurs, but likewise by the presence of dermal bones, or 
scutes, with which the external surface was studded. 

The Hylaeosaurus has not been made known, like the Megalosaurus, from detached 
parts of the skeleton successively discovered and analogically recomposed, but was 

* vXalosy si/lvestris, belonging to a wood, aavpos, lizard. 
t Part iii, p. 1, Palaeontographical Publications for 1856. 
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Order— i^ CER TILIA . 

Genus — Nuthetes,* Owen, 

NUTHETES DESTRUCTOR, Owen. 

For a knowledge of the fossil remains on which the present genus and species 
were founded,! I am indebted to Charles Wilcox, Esq., M.R.G.S., of Swanage, 
Dorsetshire, by whom the specimens submitted to me, including a portion of jaw 
with teeth, were discovered in the Purbeck formation, from the bed marked k 93 
in Mr. Austen's * Guide.'} 

The teeth are attached by partial anchylosis to depressions on the inner side 
of an alveolar wall, or according to the " pleurodont type." Their enamelled 
crowns are moderately long, compressed, pointed, slightly recurved, with a well- 
marked but finely serrated margin before and behind ; the thickest part of the 
crown is not at the middle, but nearer the anterior border, as in the great 
Yaranus ( Var. crocodilinus) and in Megalosaurus ; and they clearly resemble, in 

a 

* AbbreYiated from vovBirriTris, Monitor ; in reference to the resemblance of the teeth of the fossil to 
those of the modem Yaranian Monitors. 

f ' Qoarterly Journal of the Geological Society,' 1854, p. 120. 

X * Guide to the Geology of the Isle of Purbeck,' by the Rev. J. Austen, M.A., Blandford, 1852. 
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miniature, the teeth of that great carnivorous reptile. To the question whether 
these Purbeck fossils might not be of a foetus or young of Megalosaurus, the 
answer is, that the lower jaw of the Nuthetes differs from that of Megalo- 
saurus in not having the inner alveolar wall developed in the same degree, and in 
not exhibiting any rudiments of alveolar divisions.^ The inner wall is not pro- 
duced in a greater degree than in the modern Varani, The largest teeth measure 
two lines in diameter at the base of the crown, which is more or less excavated on 
the inner side by the pressure of the matrix of a successional tooth. 

The length of the largest fragment of the mandible was one inch and a half ; 
the depth of the outer wall was six lines, that of the inner wall was from three to 
four lines. The exterior surface of the bone is smooth and polished, but shows 
under the pocket-lens very fine longitudinal linear markings ; it is perforated by 
a series of nervo- vascular foramina along the alveolar wall, and is traversed near 
the lower margin by a line answering to the suture dividing the dentary from the 
angular piece in the jaw of Varanus. 

The fossils give evidence of a carnivorous or insectivorous lizard of the size 
of Varanus crocodilinus, or great land-monitor of India. The specific name 
relates to the adaptations of the teeth for piercing, cutting, and lacerating the 
prey. 

Of the vertebral characters I have not, as yet, received satisfactory evidence. 
Nuthetes destructor is referred solely on mandibular and dental characters to 
the " pleurodont section " of the order Lacertilia. But, in the same division 
of the Purbeck strata, viz., from the " Feather Quarry,'' containing Ci/clas and 
Planorbis, have been found long bones of a small Saurian and dermal scutes, 
agreeing, in regard to proportional size, with the jaw and teeth of Nuthetes, The 
bones present the characters of tibia and fibula, and are longer in proportion to 
their breadth than in any known recent form of Crocodilian ; they are associated 
in the same slab with the scutes, which are subquadrate in form, about eight lines 
in one diameter and six lines in the opposite ; smooth on the inside, impressed by 
minute, circular pits on the outside, and presenting more the character of the bony, 
dermal scutes of Crocodilia than of those of any known species of Lacertilia so 
defended. Additional evidence is needed to determine the relations of these 
small, pitted, dermal scutes to the bones and teeth of Nuthetes. 

* 'Monograph on Megalosaurus/ vol. for 1856, p. 21. 
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Genus — Saurillus,* Owen, 

Saurillus obtusus, Owen. 

The fossils upon which the above genus and species were foundedf were 
transmitted for my determination, in 1854, by Mr. W. R. Brodie, of Swanage, 
and were discovered by that persevering explorer of the Purbeck beds, in the 
** Dirt-bed/' No. 93, of Mr. Austen's ^ Stratigraphical List' above cited. 

The most instructive specimen consisted of the right dentary element of the 
lower jaw, containing thirteen teeth. These are moderately long, conical, and 
obtuse; but are neither so long nor so recurved as in Nuthetes^ nor are the 
crowns compressed, as in that genus. On the outer side of the dentary bone, not 
far below the alveolar border, are six nervo- vascular foramina in a longitudinal 
row, relatively as numerous and large as in Iguanodon, and indicating, as in 
that and other Saurian reptiles, the scaly covering of the jaws and the equally 
reptilian simple and subdivided condition of the salivary apparatus in Saurillus. 
The teeth are implanted according to the pleurodont type. 

Supposing the fossil to have come from a mature individual, the size of the 
animal must have been nearly that of the common European lizard, Lacerta 
agilis. It was most probably insectivorous. The specific name, " obtusus,'* 
refers to the obtuse termination of the muzzle, as indicated by the form of the 
fore part of the jaw, and also to the blunt apices of the conical teeth. 



Genus — Macellodon, J Owen. 

Macellodon Brodiei, Owe?i. Tab. VIII, fig. 10. 

In the slab of the fresh-water Purbeck stone containing^ the portions of upper 
and lower jaw, with teeth, on which the above genus and species were founded,^ 
there were also specimens of small, subquadrate, pitted, dermal scutes, and of 
a vertebral neural arch, corresponding proportionally in size with the teeth. 

One specimen consists of the right superior maxillary bone, containing eight 
nearly entire teeth, and showing the places of attachment of thirteen or fourteen 

* Abbreviation of aavpos, saurus, a lizard. 

t ' Quarterly Journal of the Geological Society,' No. 40, pp. 423 and 482. 

X MnKfAXa, a spade, obws, a tooth. 

§ • Quarterly Journal of the Geological Society,* 1854, p. 422. 

5 
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such teeth^ the mode of attachment being by partial anchylosis to the bottom of 
an alveolar groove and to the side of an outer alveolar wall. 

The crown of the teeth is broad, compressed, with sharp, subcrenate margins 
at the apical half, curving in most to a low point at the summit, and having a 
semicircular contour when this is worn away, as at c, fig. 10. A few of the 
anterior teeth are narrower, and the crenate margins converge, almost straight, to 
a sharper point, as in a, fig. 10. The older teeth have the crown reduced by 
attrition to the shape of a spade (5, fig. 10), suggesting the name of the genus. 
The enamel is marked by very fine, longitudinal ridges, the terminations of which 
give the crenate character to the unworn margins of the crown ; a larger longi- 
tudinal rising marks the middle of the flattened surface, and is more conspicuous 
on the outer than the inner side of the crown in the lower jaw ; it commences at 
a short distance from the base of the enamelled crown, and terminates at the 
apex. From this middle, thickest part of the crown the tooth narrows to the 
lateral margins, its transverse section across the middle of the crown resembling 
that of the upper part of the crown of the tooth o{ Echinodon (fig. 6, 6). 

In a portion of the upper maxillary bone of Macellodon Brodiei, the low 
palatal alveolar plate terminates internally in a smooth border, which had formed 
the outer boundary of an extended palatal vacuity, as in most lizards ; this struc- 
ture, with the unequal development, the succession, and pleurodont mode of 
implantation of the teeth, indicates the Lacertian affinities of Macellodon, 

In a small slab from the lower part of the Purbeck stratum, called *' dirt-bed, 
containing shells," Mr. Brodie discovered the dentary element of the lower jaw 
of Macellodon, containing thirteen teeth, and alveolar depressions for twenty ; 
with this were associated the neural arch of a vertebra, portions of ribs, and 
some dermal, bony scutes. The teeth in place were anchylosed to depressions 
in an outer alveolar wall ; a few at the fore part of the jaw were less expanded 
relatively to their length than the rest, which presented the Macellodont type of 
crown. They are separated by slight intervals, and the teeth are much smaller in 
proportion to the jaw than in Nuthetes. The dentary bone, figured of the natural 
size at Tab. VIII, fig. 10, presented the posterior notch for articulation with the 
angular and surangular elements ; its outer surface is convex, and perforated at 
its anterior half by a linear series of nervo-vascular canals. 

The neural arch associated with the above portion of lower jaw bears a 
greater proportional size thereto than in most lizards ; it exhibits long diapo- 
physes, as in the lumbar and anterior caudal Saurian vertebrae, supports a 
moderately long spine, and shows a small, circular, neural canal ; the zygapophyses 
have been broken away from the exposed surface ; and the centrum has been, 
apparently, detached from a sutural connexion with the arch, which would be 
rather a Crocodilian than a Lacertian character. 
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The dermal scutes agree in proportional size with the vertebra ; they are 
subquadrate, smooth, and slightly concave on the inner surface ; they are 
impressed with small, round pits on the outer surface ; of two scutes in apparently 
natural juxtaposition, one slightly overlapped the other. 

The length of the dentary bone of Macellodon, above described, is 9 lines, or 
17 millimetres ; the breadth of the neural arch across^ and including the diapo- 
physes, is 10 lines; the long diameter of a scute is 9 lines; its short diameter 
6 lines. On the supposition, raised by the collocation in the same slab of these 
remains, that they may have been parts of the same animal, we should recon- 
struct, in idea, a Lacertian with a proportionally small and short -jawed head, and 
with a skin defended by crocodilian scutes ; but I have seen similar scutes acci- 
dentally associated, in another block of Purbeck clay, with mammalian jaws and 
teeth, and they may have no closer relation to Macellodon. 

The remains of small, lizard-like reptiles, with teeth more or less fitted for 
piercing, cutting, or crushing the chitinous coverings of Articulata^ are such as 
might be expected In the marly shell-beds of the Purbeck series, which have 
afforded such abundant evidence of insect life;"* and with them are associated 
remains of small, insectivorous mammals.f The numerous remains of plants in 
the same formation, some referable to Cycas, others to Zamia, illustrate also the 
interdependency between the insect class and the vegetable kingdom. Amongst 
the numerous and various Entomophaga organized to pursue and secure the 
countless and diversified members of InsectUy in the air, in the waters, on the 
earth, and beneath its surface, bats, lizards, shrews, and moles now carry on 
simultaneously their petty warfare, and in warmer climates in the same localities. 
In like manner, we now have evidence that lizards and mammals co-operated in 
the same locality, at the same task of restraining the undue increase of insect 
life during the deposition of the Lower Purbeck beds. 



Genus — Echinodon,} Ou'e7i. 

EcHiNODON Becklesii, Owen. Tab. VIII, figs. 1 — 9. 

The specimens figured in the above-cited plate were discovered by S. H. 
Beckles, Esq., F.R.S., in the thin, fresh-water stratum, containing shells^ and 

• See the paper by Mr. Westwood, in the * Quarterly Journal of the Geological Society/ 1854, 
p. 378. 

t See my paper on Spalacotherium, ib., p. 426. 

X T^x'i^os, hedgehog^ and o^ouf , toothy ** prickly tooth." 

§ Species of Falvata, Limneus, C^jpris, and Physa, apparently Physa Bristovii. 
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vegetable remains, high up the cliff, at Durdleston Bay, Isle of Purbeck. They 
consist of portions of the upper and lower jaws of a Saurian, allied, by the shape 
of the teeth, to MacellodoUy but of much larger size, and with the thecodont 
implantation of the teeth. The crown belongs, in general shape, to that lamelli- 
form, leaf- or scale-shaped type, of which the teeth of Pcdaosaurus^ Cardiodon^ 
Hylaosaurus, Macellodon, and even those of Iguanodon, are modifications. The 
teeth of the present genus are distinguished by the marginal serrations of the 
apical half of the crown, which increase in size from the apex to the base of that 
angular part of the tooth, the two basal points resembling spines, and ter- 
minating respectively, or forming the confluence of, the two thickened ridges 
(r, fig. 2, c) bounding the fore and hind borders of the basal half of the crown. 

The crown is supported on a subcylindrical fang, and suddenly expands, both 
transversely (Tab. VIII, fig. 2, c) and antero-posteriorly (ib., 6). In the former 
direction it as quickly begins to contract, and the outer and inner sides converge 
in almost a straight line to the apex ; in the latter direction the crown continues 
expanding for about half, or rather more, of its longitudinal extent, with a slightly 
convex contour ; it then rapidly contracts to the apex, the converging borders 
meeting at a right or somewhat acute angle, and being serrated as above described- 
The thickest mid-part of the crown forms a longitudinal rising, usually more 
marked on one side of the tooth ; at the apical half the crown gradually becomes 
thinner towards the fore and hind margins ; but at the basal half these margins 
are thickened, and cause the surface between them and the mid-rising to be 
undulated transversely. At the apical part of the tooth both the outer and inner 
sides are gently convex, the transverse section giving the thin-pointed ellipse, as 
in fig. 6, b. 

The outer and inner enamelled sides of the crown each describe a curve at 
their base (fig. 3, b, r), convex towards the fang; these bases are somewhat 
thickened and rounded, so as to project from the fang ; they converge at the fore 
and hind parts of the tooth, and unite at an acute angle (fig. 2, c, r), to form the 
long, basal points (fig. 3, b, s) of the serrated half of the crown. The foregoing 
characters apply to the majority of the teeth of Echinodon. 

A portion of the left superior maxillary bone, imbedded in the matrix, with 
its outer surface exposed, is represented in Tab. VIII, fig. 1, and in outline, of the 
natural size at a. The anterior, probably premaxillary, part has been detached 
and broken. Three teeth, more or less fractured, project from sockets in the alveolar 
border of this part; their crowns are less expanded than in the typical maxillary 
and mandibular teeth. Part of the boundary of an external nostril is indicated at «. 
the larger maxillary fragment of the first two teeth present a similar form, and the 
entire crown of the second shows it to be longer, as well as more slender, than the 
posterior teeth ; it resembles a canine tooth in both shape and position, the crown 
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being subcompressed and slightly recurved, as well as sharp-pointed. It would 
serve well to pierce and retain a living prey. 

The tooth succeeding the laniariform one presents the typical characters; 
beyond it the jaw-bone has been broken away in splitting the matrix, and the 
detached part adheres to the opposite layer (fig. 2). In fig. 1 are shown the 
impressions of four of the teeth preserved in the slab (fig. 2). Above the first 
impression (o, fig. 1) is the crown of a successional tooth, about to displace the 
tooth (o, in fig 2). The outer side of a type upper maxillary tooth is shown, mag- 
nified at fig. 1 , b. 

The remainder of the upper maxillary, with part of the palatine and pterygoid 
bones of the left side, are represented adhering to the other half of the split slab 
in fig. 2, and of the natural size, in outline, at a. The extent of the inner alveolar 
wall, effecting, with the cross partitions, the lodgement of the teeth in sockets, 
is here demonstrated. The expanded crowns of the teeth come into contact. 
The inner surface of the crown is shown at 6, in which the middle longitudinal 
rising is rather less prominent than on the opposite surface. The fore part of the 
crown is represented at c, showing the angle at which the obtuse basal borders of 
the enamelled crown meet there ; the cement covering the fang is continued upon 
the crown within that angle. 

The outer side of a portion of the right superior maxillary bone, with eight 
contiguous molars, is represented in fig. 3, and of the natural size, in outline, 
at a. • There is a linear row of small foramina above the alveolar border. The 
median longitudinal rising of the crown of the teeth is more strongly marked on 
this, the outer, surface, as shown in the tooth magnified at 6, fig. 3. 

In fig. 4 is represented the inner surface of the posterior part of a right, 
superior maxillary bone, containing six contiguous teeth, with a less prominent 
or less defined median rising of the teeth in this fragment ; the last three teeth 
gradually decrease in size. There is no discernible trace of the socket of another 
tooth beyond the sixth (a?). A portion of the bony palate remains, which gives 
evidence of a large palatal vacuity, probably internal nostril, at u, and of a pos- 
terior palatal vacuity at r, probably corresponding with those in the Iguana. 

The inner surface of a portion of a ramus of the mandible, with eight con- 
' tiguous teeth, is represented at fig. 5, and in outline, of the natural size, at a. 

The fore part of a right ramus, consisting chiefly of the dentary element, is 
represented in figs. 6 — 8, and of the natural size, in outline, at a. Fig. 6 gives the 
outer side, but the whole vertical extent of the bone is only preserved at the 
symphysial end. The apex of a young tooth projects from the fifth of the 
sockets here preserved ; it is represented magnified at a and b. 

There is a linear series of small, nervo-vascular foramina a little below the 
alveolar border. The crowns of the developed teeth have been broken away; 
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their fangs in the sockets are shown in fig. 7 ; the anterior teeth are narrower 
than the rest, as in the upper jaw. The crushed or broken state of the specimen 
at the opposite end prevents a determination of the total number of sockets in this 
ramus. On the inner side of the specimen (fig. 8), a considerable extent of the 
symphysis («, s) is shown. 

The posterior part of a broken and distorted dentary element of the left 
ramus of the mandible is represented in fig. 9, showing the last eight teeth, 
and the impressions of the crowns of as many in advance. A portion of the 
crown, displaced, of the fourth from the last is preserved, and likewise portions 
also of those in advance, which have been broken in splitting the slab, so that 
they appear smaller than they actually were. The last three teeth are entire, and 
show a gradual decrease of size, as in the portion of upper jaw (fig. 4). A mag- 
nified view of the inner surface of the last lower tooth is given at a, fig. 9. 

From the characters of jaws and teeth above described, the extinct animal pre- 
senting them might be referred to the modern Lacertian group : but the structure 
of the vertebras and limb-bones must be ascertained before the ordinal affinities 
of Echinodon can be satisfactorily determined. 

The modifications of the mode of implantation of the teeth in the known limits 
of the Dinosaurian order affect the value of the thecodont character as a mark of 
afiSnity. The dentition of Echinodon, in respect to the shape of the crowns of the 
teeth, appertains to the category embracing Macellodon, Cardiodon,^ Ht/keosaurus, 
and Iguanodon. From Macellodon the present genus differs in the swollen borders 
of the basal half and the stronger serration of the apical half of the dental crown. 
The similarly expanded crown of the tooth of Cardiodon has thicker and apparently 
not serrate margins, it is not divided into a basal and apical portion, and the apex 
is more obtuse. In Hyl€eo8aurus the crown of the tooth is thicker and less expanded 
than in Echinodon ; the borders of the apical half are usually abraded by mas- 
ticatory acts, show no marks of serration, and meet at an angle of 80^ ; but the 
crowns of the teeth were in contact, as in Echinodon. The more complex struc- 
ture of the teeth of Iguanodon appears, nevertheless, to be due to additions super- 
posed upon a type of tooth which is essentially like that of Echinodon. The 
expanded crown is divided into a basal and apical portion ; the marginal serrations 
of the latter are coextended with the increased thickness of the part into small 
lamellae, themselves more minutely dentate. The middle longitudinal rising of 
the enamel, which in Echinodon has appeared to me to be stronger on the outer 
side of the upper teeth and on the inner side of the lower teeth, is exclusively 
developed, as the '* primary ridge " on the corresponding aspects of the teeth of 
the upper and lower jaws in Iguanodon. In the small teeth, or those of the 

* From the Oolitic Formation, called " Forest-Marble," near Bradford, Wilts. See my 'Odonto- 
graphy,' p. 291, pi. 7^a, fig. 7. 
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young Iguanodon^ the primary ridge is median and well-marked, and in the 
unworn tooth forms^ or terminates at, the apex of the crown, increasing its resem- 
blance to the Echinodont type of tooth. The difference of dental structure 
between JSckinodon and Iguanodon is of the adaptive kind ; relating in the former 
to animal food, in the latter to a mixed or vegetable diet. The entire dentition 
of Echinodon appears so well fitted to pierce the scaly covering of fishes, and retain 
the struggling prey, that I suspected the species to have been ichthyophagous, 
and, like the Amblyrhynchus of the Gallopagos Islands,* to have been aquatic in 
its habits. 

My fellow-labourer in palaeontology. Dr. Falconer, F.R.S., by whose labours 
that science has been so much enriched, suggested the name Sauraechinodon for 
the present Purbeck reptile ; but as I am not aware that the more abridged form 
has been preoccupied, I have adopted JSckinodon as sufficiently distinctive, 
having reference to the almost spiny character of the larger basal serrations of 
the apical half of the tooth. 

The present species is dedicated to its discoverer, Mr. Beckles, of whose 
collection of Purbeck fossils the specimens here described form part; and I 
record with pleasure my grateful sense of the liberality with which they have 
been confided to me for elucidation. 

* Darwin, 'Voyage of the Beagle,^ vol. iii, p. 466. 
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Order— DINOSAURIA, Owen. 
Genus — Iguanodon, ManteU. 

In the ' Monograph on the Iguanodon/ in a former volume of the publications of the 
Palseontographical Society,* the characteristic form of certain toe-phalanges was 
described ; such phalanges, at least, were inferred to belong to the Iguanodon, with a 
high degree of probability, on evidence of association with other undoubted parts of 
the skeleton of that reptile, and more especially in the instance of the Maidstone 
skeleton ;t but at that period the exact structure and number of toes of either fore or 
hind foot were unknown. 

On the basis, however, of the determination of detached phalangeal bones in that 
Monograph, the present restoration of an entire — probably hind — foot, the carpus or 
tarsus excepted, of the Iguanodon, has been carried out ; the ungual phalanges in the 
series of bones of this foot (T. I, II, III) closely corresponding in shape with the 
depressed and obtuse phalanges referred to that extinct animal in the above-cited 
volume, 1855, pp. 42 — 44. This most interesting and instructive framework of the foot 
of the great Dinosaurian herbivorous reptile was, moreover, found in a formation and at 
a locality where unequivocal vertebrse and other parts of the Iguanodon are common ; 

♦ 'Fossil Reptilia of the Wealden Formations,' Part ii, p. 40, t. xri and xyii, (vol. for 1854.) 
t 'Fossil Reptilia of the Cretaceous Formations,' Part i, p. 105, t. xxxiii, (vol. for 1851.) 

1 
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80 that it is with much confidence that the present contribution towards a complete 
reconstruction of the Iguanodon is now submitted to palaeontologists. 

The discovery and acquisition of the unique specimen, figured in T. I, II, and III, 
are due to S. H. Beckles, Esq., F.G.S., the author of the papers on the * Omithoidich- 
nites of the Wealden,'* and who first definitely called the attention of geologists to the 
singular '* trifid," or tridactyle impressions in the Wealden of Sussex, of which he was 
the chief discoverer, and has been the most persevering investigator. 

It seems a peculiarly appropriate reward for these researches, that the acquisition 
of the fossils demonstrating the tridactyle structure of one of the feet of the Iguanodon 
should have been reserved for Mr. Beckles. These fossils, moreover, were not fortuitously 
acquired, but were the fruit of special researches, assiduously carried on by Mr. 
Beckles on the south-west coast of the Isle of Wight, with a view to materials for 
completing our knowledge of the great Wealden reptiles. 

Between Brook and Brixton, in the submerged Wealden bed, near low-water mark, 
indications of the entire skeleton of a young, perhaps half-grown, Iguanodon were 
detected. The bones of the foot which were most within reach had been very little 
disturbed. The metatarsus (T. II, fig. 2) was extracted in one piece ; the phalanges 
of an outer toe (T. I, i iv— 5 iv) were extracted in a second piece : they had been some- 
what distorted at the time of imbedding, for the matrix had hardened around, and 
preserved them in that state. The phalanges of the toe of the opposite side of the 
foot (ib., 1 11—3 ii) were extracted similarly cemented together by the matrix, but in 
their natural juxtaposition. Three of the phalanges of the middle toe (ib., i m— 3 m) 
were also joined together by the matrix ; the fourth, or ungual phalanx of this toe, 
was extracted separately ; but Mr. Beckles's attention having been, unluckily, diverted 
to another subject at this time, the fossil got into the hands of an idle looker-on, who 
cast it into the sea. All the other bones of the foot Mr. Beckles caused to be carefully 
'packed, and transmitted to me for description. 

I employed a skilful lapidary to clear away the adherent matrix, and to separate 
the cemented phalanges of the distorted toe, for the examination of their articular 
surfaces, and the result of my comparisons were communicated briefly to the Geological 
Society of London, on the occasion of exhibiting the specimen at the meeting held 
June 17th, 1857. 

As has already been stated, the bones, whether carpal or tarsal, which unite the 
foot proper to the limb, are wanting. The metapodium,t fortunately, yields the 
required proof of the precise number of toes. 

* 'Quarterly Journal of the Geological Society,' January, 1851, and November, 1852. 

t I use this word to signify the same segment in both fore- and hind-limbs : ^' metacarpus " is the 
specific term for the segment in the fore limb ; " metatarsus " for that in the hind limb. But, in the 
gradual reconstruction of the skeleton of a strange reptile, it is requisite to have a term expressive of the 
more general kind of knowledge at first acquired. Metapodial is equivalent to metacarpal or metatarsal. 
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The ungual phalanx (iv 5) is relatively more slender than in the inner toe : its 
length is 4 inches ; its hasal breadth 1 inch 10 lines. The obliquity of the bone is 
slight, and in the opposite direction to that of the inner toe. 

Should any rudimental or spurious claw have been supported by the metapodial of 
the innermost digit (T. II, fig. 2, i), the development of which toe is so remarkably 
arrested, it would probably present that form, and in regard to the fully grown 
Iguanodon, that size, which characterises the claw-phalanx which has been mistaken 
for the " horn " of the Iguanodon. It is probable that, in the fore-foot, the toe 
answering to the innermost in the Iguana's foot was better developed than its homotype 
in the hind-foot. 

Not far from where the foot-bones were found, the femur, tibia, and fibula, of the 
same Iguanodon were extracted, — a circumstance which adds to the probability of 
their belonging to the same limb. 

The modification of the present foot, whether of the fore- or hind-limb, of the 
Iguanodon is unique, according to present knowledge, in the class Eeptilia. It 
exhibits an adaptation to terrestrial progression, and the support of a weighty super- 
incumbent trunk, akin to that which we observe in the tridactyle foot of the heavy 
perissodactyle Pachyderms, represented at the present day by the Rhinoceros and 
Tapir. 
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OtLvzR—CEOCODILJJ. 
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Genus — Strkptospondylus, Von Meyer, 

This namci from the Greek arpk^, I turn, <nrovSvXoc> vertebra^ was applied by 
M. Hermann v. Meyer to the Crocodilian reptile distinguished by Cuvier as the 
"second esp^ce de Crocodile de Honfleur^*" and characterised by the same great 
anatomist as *' having the cervical and anterior dorsal vertebrae, with the articular 
ends of the centrum, convex in front and concave behind."t By this character was 
distinguished the '* second Gravial of Honfleur " from a '' first Gravial of Honfleur/' 
in which the articular ends of the centrum were both slightly concave. 

With regard to these kinds of fossil vertebrae Cuvier writes : " je nommerai Pun 
9y€teme convexe en evant, et Pautre eysteme concave.^' \ To the former he referred a 
gavial-like skull with a shorter and more obtuse upper jaw, and a less depressed 
sj^mphysis of the lower jaw;^ to the latter a more gavial-like skull, with longer and 
more slender jaws.y 

* 'OssemenB Fossiles,' ed. 8to, 1886. Explication des Planches, p. 78, pi. ccxxxTiii, figs. 5, 6 et 7. 

t lb., t. ix, p. 309. 

X lb., p. 308. 

§ Subseqnently named Steneosaurtu rostr<Mninor, by Geoffroy St. Hilaire. 

II Steneosaurui rostrO'tnajor, ib. 
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{Mandible of a young Iguxtnodon^) 

I HAVE been favoured by the Rev. W. Fox, M.A., Rector of Brixton, Isle of 
Wight, with the inspection of a portion of the left mandibular ramus of an 
Iguanodon (Tab. X, figs. 1 — 4), including the entire series of alveoli. These are 
fifteen in number, and are clearly indicated by the angular risings of the outer 
alveolar wall, forming the intervals or divisions of the alveoli (fig. 4, i— 15). 
Between the summits of the angular processes the upper margin of the socket is 
deeply concave, and, the sockets being contiguous, a strongly marked crenate 
character is given to the border of the outer alveolar wall. 

The longitudinal extent of the alveolar portion of the present ramus is 4 inches 
3 lines. About an inch of the edentulous fore part of the ramus is preserved, but 
the symphysial end is broken away. At the opposite part of the fragment it has 
broken oflf, about three lines behind the last alveolus, from the rest of the jaw. 

The teeth which occupied the alveolar depressions of the outer wall are gone. 
The germs of three successional teeth (ib., figs. 1 and 2, 6, 12, 14) are preserved. The 
summit of the hindmost (14) has risen to the level of the opening of the antepenultt- 
mate socket; the next in advance (12) has risen half way towards the outlet of the 
twelfth socket; the crown of the third just shows at the bottom of the sixth socket. 
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counting from before backward. Each of these germ-teeth has the inner surface 
exposed of the summit of the crown, the anterior one showing the least proportion 
of the tooth. The primary longitudinal ridge (fig. 5, a) and the marginal serra- 
tions {cc') are boldly and beautifully marked on the dark, lustrous enameli the 
serrations being continued by grooves, some way upon the exposed inner side of 
the crown. The primary ridge more equally divides the summit of the crown 
here seen than in the part below, but the greater extent of the anterior area (c) is 
appreciable ; the secondary longitudinal ridge {b) is discernible in both the anterior 
and posterior areae of the crown, in the last two germs (fig. 1, 12, 14, and fig. 6. So 
much of the crown as appears in these teeth shows greater fore-and-aft breadth than 
the socket they would rise into, or rather than the socket of their predecessor, and 
the difference of breadth is so much greater in the basal part of the crown as to 
suggest much growth of the jaw in the progress of the germ to the state of a fully 
developed tooth in place. We thus obtain evidence of the immaturity of the 
specimen, and that it has not belonged to a distinct and diminutive species of 
Iguanodon. 

Like all reptiles, the Iguanodon shed and renewed its teeth many times during 
the course of life ; the new following the old teeth vertically, and being, therefore, 
in the growing animal, of a larger size than those they were about to displace. 
With the shedding of the deciduous teeth there was more or less absorption of 
their sockets, and with the rise of the successional teeth there was a concomitant 
formation of suitable, and, therefore, larger sockets. 

In the Crocodile the number of teeth, or of sockets of one and the same set of 
teeth, does not vary with age, according to the observations of Cuvier.* Each 
tooth succeeds its forebear vertically, and none are added to the series, as in 
mammalia, from behind. 

I believe myself able now to adduce evidence that the Iguanodon added this 
mammalian mode of succession to some other characters, which have been in pre- 
vious Monographs pointed out, exemplifying its greater resemblance to the 
warm-blooded beasts than any existing form of reptile manifests. 

The mandible of the young Iguanodon here described shows at the utmost 
fifteen sockets in the unquestionably entire series, occupying a longitudinal extent 
of four inches and a quarter. The mandible of the somewhat older Iguanodon, 
from the Wealdeu of Stanimerham, Sussex, described and figured in my Mono- 
graph, 1S55, Tabs. X and XI, shows eighteen alveoli, occupying a longitudinal 
extent of six inches. 

* '* Les dents offrent plu^enrs reniarqiies int^ressantes dans le crocodile. La premiere, c'est que lent 
nSmbre ne change point avec Tage. Le crocodile qui sort de Toeuf les a autant que celui de vingt pieds de 
long." — ** Je me suis assure de ce fait dans une serie de huit tetes croissant en grandeur, depuis un pouce 
jusqu'a deux pieds." Cuvier, * Ossemens Fossiles/ 4to, torn, v, pt. ii (1825), p. 90. 
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The mandible of the Iguanodon from the Wealden of Tilgate, Sussex, figured 
by Mantell in the 'Philosophical Transactions' for 1848, PL xvii, seems to 
have had at least twenty alveoli in a longitudinal extent of fourteen inches. The 
back part of the series is too much mutilated for precisely showing the divisions 
of the sockets ; but the number, eighteen, which I originally estimated^ from the 
figures of the fossil in the ' Philosophical Transactions/ is clearly below the 
number which may be estimated in the alveolar tract of the original specimen 
now in the British Museum. 

From the foregoing facts, therefore, it may be concluded that the Iguanodon, 
in the progress of growth, from the period at which the dentigerous part of each 
ramus of the mandible is four inches in length to that in which the same part is 
fourteen inches in length, acquires four or five additional teeth in each series, which, 
from the rapidly decreasing depth of the three or four hindmost alveoli, I infer 
to be developed, like the true molars of mammals, in new and distinct alveoli 
behind those in place. 

My obliging correspondent, Mr, Fox, who had been struck with the inferiority 
of number of the alveoli in his small specimen, compared with the indication 
of them in Mantell's plate of the larger jaw from Tilgate, supposed that it might 
indicate a distinction of species; but the whole evidence of the Iguanodon^s 
mandibular structure, including the intermediate-sized specimen obtained by 
Mr. Holmes from Stammerham, appears to me to show only difiference of age, 
and to bring to light a new and important characteristic of the dentition of the 
large extinct Herbivorous Reptile. 
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PREFACE. 



Since the time when Baron Cuvier published the last edition of his great work, the 
' Ossemens Fossiles/ in 18.25, the materials for working out, in detail, the British Pleisto- 
cene Mammalia, of which Professor Owen had given an admirable outline in 1 846, have 
been steadily and rapidly increaising. Our great National Museum has been supple- 
mented by other public ones in most of the principal towns, in which the past Fauna and 
Flora of their respective, districts are carefully preserved. The zeal of private collectors 
alfio has added very largely to the heap of accumulated facts, which only have to be com- 
pared and brought to a focus to enable us to realise, in all their varieties of size and form, 
the animals that lived upon that portion of the Pleistocene continent which now forms 
Great Britain and Ireland. Zoology also has made great strides, and, armed with a more 
perfect knowledge of the present order of things, we are daily becoming more fitted to in- 
vestigate profitably the past. In undertaking to bring the Mammalogy of the Pleistocene 
up to the requirements of the day, we are conscious of our own shortcomings and of the 
magnitude of the task. We propose, by adopting the form of a series of Monographs 
upon each species, and by not commencing a second species until we have exhausted all 
the attainable information upon the one we may have in hand, to leave the work in such 
a state that it may be continued by any successors without alteration of plan. 

We do not pledge ourselves to bring out the Monographs in zoological order, but just 
as our materials may admit of the complete description of any Pleistocene genus. This 
arrangement, as each Monograph will be distinct from the rest, like those composing M. 
de Blainville's ' Osteographie et Odontographie/ will not afiect their being bound up in 
thdr proper order on the completion of the work. 

For any information as to the remains of Pleistocene Mammals in private cabinets, or 
anywhere else in Great Britain or Ireland, we shall be extremely obliged, as we wish to 
giye the distribution and relative numbers of every fossil Pleistocene species. 

W. BOYD DAWKINS. 
W. AYSHFORD SANFORD. 
February, 1866. 
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When simply nnmbers are placed at the commencement of the lines of the Tables of Measurement, 
they invariably signify — 

1. Extreme length or antero-posterior measorement in inches. 

2. Minimum circumference. 

3. Maximum transverse measurement of proximal articulation. 

4. Vertical ditto ditto. 

5. Maximum transverse measurement of distal articulation. 

6. Vertical ditto ditto. 



DESIDERATA FOR THE COMPLETION OP THE MONOGRAPH ON 

FELIS 8PELJSA. 



British specimens of nasal and internal bones of the cranium ; vertebrae ; adas ; axius ; sacrum. 

„ „ complete humerus, or proximal end of the bone ; distal end of ulna. 

„ „ carpal bones, viz., cuneiform, trapezium, trapezoid, magnum. 

„ „ complete, or proximal end of femur. 

„ „ complete, or proximal end of fibula. 

Bones of any other species of Felis or Machairodus firom the British Pleistocene. The species at 
present known to exist in Britain are Machairodus latidena, Felis pardus, F, catus. But the lynx and, 
perhaps, the serval might be expected. The authors of this Monograph would be glad of the opportunity 
of examining any bones or teeth of Camivora ; and the utmost care will be taken of bones, addressed either 
to W. BoTB Dawkins, Esq., Geological Survey, Jermyn Street, or to W. A. Sanford, Esq., Nynehead Court, 
Wellington, Somerset. Or should the possessors not wish to send them, the authors would be glad of the 
opportunity of simple examination. 

* Unfortunately we have been unable, from want of time, to publish the Plates and Descriptions of the 
Bones of Felis spekea in the order in which they should naturally appear. We trust that this may be 
rectified in our future Monographs. 



INTRODUCTION. 



U . In going backward in time from the historical period in Britain, we find ourselves 
landed in the realms of archaeology without any guide to absolute date, and without any 
connected record of events previous to the first landing of Julius Caesar upon our shores. 
The investigation of the contents of peat-mosses, of alluvia of rivers, and of a large number 
of caverns occupies our attention ; and while the remains of man are widely spread, we miss 
the larger Camivora, the Pachydermata, and others of the Pleistocene MammaUa. For 
this period, as embracing the deposits more usually termed recent, and extending from the 
Pleistocene down to the beginning of history, we adopt the name Prehistoric. It is 
eminently the field of the archaeologist, who subdivides it, according to the traces of man 
that it contains, into the iron, bronze, polished stone, rude unpolished stone, and flint 
periods.^ Prom his point of view we have nothing to do with it ; but for the jake of 
showing the relation of the Pleistocene fauna to that now living in Britain, we are obliged 
to treat it zoologically. It forms a distinct zoological period, separable from the Pleisto- 
cene, but passing insensibly into the Historic period. 

§ 2, A. Prehistoric caverns. — Caverns, as affording shelter from the weather, have been 
the resort of man and wild animals in all times, from the Pleistocene to the present day. 
Hence, very frequently in the same cave remains of different epochs are found. In Kent's 
Hole, for instance, overlying the mass of bones dragged in by hyaenas in Pleistocene 
times, and in parts hermetically sealed by stalagmite, there was a stratum of dark earth 
containing the remains of the feasts and fires of some early people — ^bone implements, 
chert and fiint arrowheads, " a hatchet of syenite," sandstone spindles, shells of mussel, 
limpet, and oyster, a palate of Scarus, and numerous fragments of pottery. This last " is 
of the rudest description, made of coarse gritty earth, not turned on a lathe, and sun- 
baked ; on its external margin it bears zigzag indentations, not unlike those from the 
barrows of Wilts." Its ornamentation and texture are like those of the rude pottery obtained 

^ See Sir John Lubbock's ' Prehistoric Man,' 8vo, 1865. London. 
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by the Earl of Enniskillen, P.R.S., from the Bears' Den of Kiihloch, and that from the Pile- 
dwellings of Switzerland in the collection of the lateMr. H.Christy. In some places the stalag- 
mite had been broken through, apparently for purposes of sculpture; and human bones, and 
flints of all forms, " from the rounded pebble, as it came out of the chalk, to the instruments 
fabricated from them, as the arrow- and spear-heads, and hatchets, were confusedly dis- 
seminated through the earth, and the whole agglutinated together by stalagmite. Flint 
cores were lying by the sides of the flakes struck from them."^ The remains also of the 
wild boar, red deer, fox, rabbit, and rodentia, were obtained from the same layer, and are 
ill part preserved in the Museums of London and Oxford. The metatarsals and -carpals 
in the Oxford Museum, obtained from the upper portions of the contents of the cavern in 
association with charcoal, belong to the small short-horn Bos longifrom. 

To the absolute date of these remains there is at present no clue ; but that the cave 
was inhabited after, to the disappearance of the characteristic Pleistocene mammalia 
found in the cavern, by savages closely allied to those whose remains are found in hut- 
circles and tumuli, there can be no doubt. The careful exploration now being conducted 
by the British Association will doubtless throw great light upon the relative age of the 
various layers, and possibly the absolute age of some of the superior ones. 

§ 2, B. The Paviland cave, described by Dr. Buckland, affords another instance of the 
mixture of Pleistocene and Prehistoric remains. To the one period belong the elephant, 
rhinoceros, horse, aid hyaena ; to the other, the human skeleton (which equals in size 
the largest male skeleton in the Oxford Museum), the bones of ox and sheep, the 
whelk, limpet, littorina, and trochus, that had been introduced for food. Certain small 
ivory dhiaments found alotig with the skeletons Dr. Buckland considers to have been 
made from the tusks of the mammoth in the same cavern, and he justly remarks — " As 
they must have been cut to their present shape at a time when the ivory was hard, and 
not crumbling to pieces, as it is at present on the slightest touch, we may from this 
circumstance assume for them a very high antiquity."^ May we not also infer from the 
fact of the manufactured ivory, and the tusks from which it was cut, being in precisely 
the same state of decomposition, that the tusks were preserved from decay during the 
Pleistocene times by precisely the same agency as those now found perfect in the Polar 
regions — by the intense cold ; that long after the mammoth had become extinct the 
tusks thus preserved were used by some race that has passed away ; and that at some 
time subsequent to the interment of the ornaments with the corpse a great climatal 
change has taken place, by which the temperature in England, France, and Germany has 
been raised, and decomposition set in in the organic remains that up to that time had re- 
mained for ages in their natural condition ? The presence of the remains of sheep under- 

^ 'Cavern Researches,' by the late Rev. J. MacEaery, F.G.S., edited by E. Vivian, Esq., 4to, ]8j9 
(the larger edition). 

2 Buckland, * Reliquiae Diluvianse,' 4to, 2nd edit., 1824. p. 90. 
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Death the bones of elephant, bear, and other animals, coupled with the state of the cave- 
earth, which had been disturbed anterior to Dr. Buckland's examination of the cave, would 
prove that the interment was not of Pleistocene date. No traces of sheep or goat have as 
yet been afforded by any Pleistocene deposit of Britain, France, or Germany. 

^ 2, c. These two instances of the presence of remains of Pleistocene and Prehistoric 
age in the same cavern are two out of a large number in which a similar mixture of organic 
remains are met with. Instances also may be multiplied of caverns containing remains 
of Prehistoric age alone without others. Thus, Professor Owen quotes a cave at Arnside 
Elnott, near Kendal, that yielded wild boar {Sua scro/a), brown bear {Vr8us arctos), and 
other existing species of Mammalia.^ 

^ 2, D. During our explorations of caverns in Somersetshire we explored three of 
Prehistoric age. In 1859 a small cave at the head of Cheddar Pass yielded a large 
quantity of bones. Prior to our examination, on its first discovery, some of the remains 
were deposited in the Museums of Bristol and Oxford. The Ust of Mammalia comprises, 
besides man, the wolf, fo?c, badger, wild boar, goat, roebuck, Bos lortgifrons, and horse. 
A human skull from this cave, preserved in the Oxford Museum, is very well developed,* 
and may have belonged to a person of considerable capacity. 

§ 2, E. In 1863 we examined a second cave, also in the Mountain Limestone of the 
Mendip range, in Burrington Combe, and named it from its discoverer Whitcombe's 
Hole. It was very nearly blocked up with earth mingled with charcoal, and contained a 
large quantity of the remains of ox, red deer, goat, wolf, fox, badger, rabbit, and hare. 
In the lower portion of the cave, where the floor dips downwards, we disinterred fragments 
of a rude imomamented urn of the coarsest black ware, with the rim turned at right 
angles, and an angle iron which more closely resembled those found strengthening the 
angles of wooden chests in the Roman graves on the banks of the Somme than anything 
else we have seen. The accumulation of bones and charcoal proves that the cave was in- 

1 'British Fossil Mammals/ 8vo, 1846, p. 429. 

^ We are indebted to Professor Phillips, M.A., LL.D., F.R.S., for the following note upon this skull : 
— " The cranium ia dolicho-cephalic, elevated in the parietal region, very narrow behind, with a very 
distinct occipito-parietal slope, narrow and evenly convex in the front ; substance thin ; individual young, 
probably female. This cranium most nearly resembles one from the cave at Llandebie (now in the Oxford 
Mnseun), which is filled with stalagmite, and was accompanied by bones of elk, bear, and Bo% longifroiu. 
The dimensions are — 

Length .... in inches 7*22 

Breadth, parietal „ 5*32 

, „ frontal „ 375 

" The last measurement is taken along the supraciliary line, for it is hardly a crest in this individual. 
" Do you ask what race of men this belonged to ? I answer that I have seen plenty of men and women 
with such crania in the south of England and South Wales." — Oxford^ Sept. 1, 1865. 
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habited by man for some considerable time, like those of Perigord.^ The interment is 
clearly of a later date than the occupation, because it is made in the mass of earth, bones, 
and charcoal, which resulted from the latter. The interval between the two is of doubtful 
length. 

§ 2, F. In the same year we explored the cave, Plumley's Den, like the preceding in 
Burrington Combe. It consists of two large chambers, connected together by two small 
passages, not more than a few inches high. The natural entrance, but a little larger than 
a fox-hole, was in the roof of the first chamber, and through this we had to drop down 
into the cave. Subsequently we blasted a second entrance. The first chamber was at 
least half-full of broken rocks, forming a talus immediately below the natural entrance, 
through which in part they may have been introduced. They were covered with a mortar- 
like mass of decomposing stalagmite. Underneath them we found a group of four skulls, 
more or less crushed and fractured. One of these belonged to a small variety of the Bos 
taurus, probably that variety so abundant in deposits of Prehistoric age, Bo8 longifrom. 
Two others belonged to a species of the goat tribe, and approach more closely to the 
JEgoceroB Caucasica^ of Asia than any recent species with which we are acquainted, the 
horncores being oval, in section, very nearly parallel, and slightly recurved. We have met 
with a similar form in a deposit of bones at Richmond, in Yorkshire ; but in the absence 
of the necessary materials for comparison from the Museums of London, Oxford, and 
Paris, we do not feel justified in imposing a new specific name. The fourth skull belonged 
to 8u8 scrofa, and had a round hole in the frontals, about the size of a crown-piece, which 
had the appearance of being made by human hands. The presence of the lower jaws by 
the side of their respective skulls indicates that they were deposited in the cave while 
the ligaments still boimd them together. They were all more or less covered with decay- 
ing stalagmite. Between the interstices of the stones covering the floor were numerous 
bones and teeth of wolf, fox, mole, arvicolae, badger, bat, the metacarpal of red deer, the 
radius of Bos, and the remains of birds. The outer chamber was remarkable for the 
absence of earth of any kind, except underneath the natural entrance, where there was a 
thin coating. The lower chamber, on the other hand, running in the same slope as the 
outer, has its lower end entirely stopped up with a fine red earth, deposited by a stream, 
traces of the flow of which, during heavy rains, were evident. How the animal remains 
were introduced — for there were no marks of gnawing upon them, and no fragments of 
charcoal in the cave — is altogether a matter of conjecture. But the fact of finding the 
skulls grouped together, coupled with the presence of the hole in the frontals of the 8us 
scrofa, inclines us to believe that they may have been introduced by the hand of man. The 
entrance was far too small to admit of an ox falling into the cave by accident, and scarcely 
large enough to admit of a goat or deer squeezing themselves through. 

^ ' Revue Archeologique,' 1864. 

^ Gray, 'Cat. of Bones of Mammals in British Museum,* 8?o, 1862, p. 249. 
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§ 2, G. From a cave in the limestone cliffs at Uphill, near Weston-super-Mare, Mr. 
James Parker obtained the following remains: — Human crania and bones, accompanied 
with rude pottery and charcoal, the bones of wild cat, wolf, fox, badger. Boa hnffifrona, 
and a second species ox of larger size ; the red deer. Sua acrofa, and water-rat. A large 
percentage of these belong to young animals, and some are gnawed by dogs, wolves, or 
foxes. This must not be confounded with the cavern at Uphill from which Messrs. 
Beard and Williams obtained Pleistocene Mammals. 

% 2, H. The Heathery .Bum Cave, in Yorkshire, explored by Mr. John Elliot, 
yielded, besides the remains of man, those of the otter, badger, goat, roedeer, hog, and 
water-rat. With reference to the human remains. Professor Huxlev observes — " I see no 
reason for believing them to be of older date than the river-bed skulls," i, e, those found 
in the valley of the Trent, associated with Boa longifronay goat, red deer, wolf, and dog.^ 

We have selected these as examples of Prehistoric caverns, and as representing the 
fauna of the vague interval between the Pleistocene and our own times. 

% 8. In the alluvia of rivers and in peat-bogs the remains of animals of Prehistoric 
age are found in large numbers, and correspond remarkably with those of the caverns. 
Thus, the Manea Fen, in Cambridgeshire, has yielded Uram arctoa ; the peaty mud near 
Newbury the beaver, wild boar, roedeer, red deer, wolf, goat, horse, otter, water-rat, bear. 
Boa lorfffifrona, and B, primigeniua ; the peat and the marly beds below of Ireland the 
Megaceroa, associated with ih^ Boa Ion ff If runs, the red deer, and the reindeer ((7. taraiidm). 
The peat of Hilgay, in Norfolk, has furnished the beaver and Irish elk, while that of Ross- 
shire the traces of the reindeer, in an antler presented by Sir P. Malpas de Grey Egerton, 
Bart., to the British Museum. The reindeer also is described by Professor Owen- as 
occurring beneath a peat-moss near East Dereham, in Norfolk. The remains of Boa 
Imgifrona are most universally found with red deer, roedeer, wild boars, otters, and 
beavers. The marl underneath the peat of Scotland has also yielded the gigantic skulls 
of the great Urus, Boa primigeniua. From the very recent character of the osseous sub- 
stances of these. Professor Owen infers that this animal may have maintained its ground 
longer in Scotland that in England. 

" In the Museum of the Natural History at Newcastle is a remarkably fine shed antler 
of the true elk, Alcea malclda. It was found in Chirdon Burn, near the bottom of the 
recent peat-formation, resting partially on the coarse gritty marl formed by the weathering 
of the subjacent strata."^ It measured, when perfect, from tip to tip, 2 feet 10 inches ; 
from burr to extreme end, 2 feet 10 inches ; round the burr, 10 inches ; and round the 
beam nearly 8 inches. The giaement of the fossil stamps it as being of the same relative 

'Geologist,' 1862. 2 Qp. cit. 

* Trans, of Tyneside Naturalists Field Club,' vol. v, part ii, p. 1 1 1 . Paper by Mr. Richard House, 1^61; 
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Prehistoric age as the Urus of Scotland and the Megaceros of Ireland, found in the marl 
at the bottom of the peat. It is worthy of remark that this animal was eaten by the 
dwellers in the Lake-villages of Moosedorf, Wauwyl, Meilen, Robenhausen, (Concise, and 
Bienne, according to Professor Riitimeyer. 

In digging the foundations of the large works at Crossness Point for the southern out- 
fall of the metropolitan sewage a most interesting collection of Prehistoric Mammalia was 
made from the peat and silt. We identified red deer, Boa longifron%y goat, beaver, horse ; 
and among the remains forwarded to the British Museum is a remarkably fine antler of 
reindeer {Cervus tarandu8),yfh\c]i Mr. Houghton, the engineer, informs us came from the 
bottom of the peat at a depth of fifteen feet below the surface. A large number of cases 
of similar discoveries may be quoted, as in the estuarine mud of Selsea, of the hind and 
fore legs of Bo8 longifrons^ with all the bones, to the smallest sesamoids, in place, or in 
a silted-up river-bed at Waterbeach Mills, near Cambridge, of the same animal, associated 
with the red deer, goat, horse, and wolf. 

§ 4. The following list, which probably will be largely increased, represents the mam- 
malia derived from the Prehistoric deposits, and includes those species that began to live 
in the Pleistocene, and are living in Britain at the present day, and which therefore must 
have lived in the Prehistoric Period, although their remains have not yet been discovered 
in it. The latter are marked with an asterisk. It consists of thirty-four species. 



Homo sapiens, Lin, 

Rhiooloplius Ferrum Equinum, Leach. 

Vespertilio noctula, Geof. 

Talpa Enropsea, Lin, 

Sorez valgari?,* Lin. 

Felis CRtus ferus, Schreb. 

Canis familiaris, Lin. 

?ulpes, Lin, 

lupus, Lin, 
Mustela erminea,* Lin, 
martes,* Lin, 
putorius,* Lin, 
Lutra vulgaris, Erxl. 
Meles taxus, Schreb. 
Ursus arctos, Lin. 
Mus musculus, Lin. 
Castor fiber, Lin, 
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Arvicola amphibia, Desm. 
pratensis,* BeW, 
agrestis,* Pall. 
Lepus timid us, Fabr, 
„ cuniculus, Lin. 
Equus caballas, Lin, 
Alces malchis. Gray, 
Megaceros Hibemicus, Owen. 
Cervus Tarandus, Lin. 
elapbus, Lin. 
capreolus, Lin. 
Ovis aries, Lin. 
Capra aegagrus, (hnel. 

„ hircus, Gmel. 
Bos longifrons, Owen, 

„ Urus, Casar (= B. primigenios, Boj.) 
Sus scrofa, Lin. 
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The absence of the squirrel and dormouse from this list may, perhaps, be owing to 
their arboreal habits, which would render the chances of their bones being found in caverns 
or river-deposits very remote. Both genera and perhaps both the English species occur 
in the French Pliocene strata. 
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All these animals are still living in Britain at the present moment, except the Irish 
elk {Megaceros Hibemicm), which is entirely extinct ; the reindeer and moose {Alces 
malcAis), which are now confined to the colder regions of Northern Europe, Asia, and 
America; and the Bos longfi/rons, drnd £. primijfenius, the beaver, the wolf, the vdld boar, 
and the Ursus arctoa, which lived on these into the Historical period. The Boa longifrom 
— ^which^ in our opinion, will ultimately be found to be specifically identical with Bos 
taurus — was the variety that supplied the Roman legionaries in Britain with beef ;^ the 
Vrsus arctos was probably, from an allusion of Martial,* exported to Rome for the sports 
in the theatre ; and the beaver was still living in the river Teivy, in Cardiganshire, when 
in 1188, Giraldus Cambrensis accompanied Archbishop Baldwin on his tour through 
Wales to collect volunteers for the First Crusade. This latter animal, according to 
Boethius, Ungered on in Loch Ness till the fifteenth century. The wolves, sufficiently 
abundant in the Andreads Wold to eat up the corpses of the Saxotis left on the field by 
Dnke William' after the Battle of Hastings, lingered on in England till 1306, in Scotland 
till 1680, and in Ireland, protected by the uncultivated wilds and the misrule of the 
country, until the year 1710. The last wild boar was destroyed in the reign of Charles I. 

The Irish elk [Megaceros Hibernicm)^ whose remains are so very abundant in the 
Pleistocene deposits, is the only species that can be proved to have become extinct in the 
Prehistoric period. 

Whether or no the great Urus and the small short-horn {Bos longifrons) be extinct, or 
Uve, the one in the larger domestic cattle of Europe, as the Flemish oxen,* and those of 
Holstein and Friesland, the other in the smaller breeds, has not yet been satisfactorily 
decided. 

In the Prehistoric period the dog, the goat, and the sheep, make their appearance for 
the first time in the world's history. Bos longifrons also has not yet been proved to have 
Kved in the preceding period, the evidence for its coexistence with the extinct Pleistocene 
mammalia being founded on some remains cast up by the sea at Clacton and Walton, which 
therefore may have been derived from a much later deposit than the Preglacial Forest-bed. 

The remains of the Irish elk and the reindeer may, perhaps, indicate an earlier division 
of the Prehistoric period, but upon this point we must be content to wait for more evidence. 
The occiurrence of the latter animal in Prehistoric deposits proves that in Britain, as in the 

^ See Boyd Dawkina, < Sussex Archaeological Collections/ vol. xvi. 

2 " Nada Caledonio sic pectora prsebuit urso 
Non falsa pendens in cruce Laureolus." 
' 'De bello Hastingensi Carmen,' by Gaido, Bishop of Amiens, who died in 1075. 

*' Lastrayit campam, tollens et csesa suomm. 
Corpora, Dux, terrsB condidit in gremio ; 
Yermibus atque lupis avibas canibusque voranda, 
Deserit Angloram corpora strata solo." 
* As Professors Nilsson and Riitimeyer suggest *Ann. and Mag. Nat. Hist.,' 1849; 'Faana der 
Pfthlbauten,' 4to, Basle. 
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south of France, it lingered on after the disappearance of its Pleistocene congeners — the 
lion, the hyaena, and the great pachyderms. 

§ 5. Inferences as to Prehistoric Climate in Britain, Sj'c. — ^The evidence of a gradoal 
increase of temperature in France and Germany during the historical period seems to us 
perfectly incontrovertible. Firstly, the Rhine and the Danube^ during the first four cen- 
turies, were frequently frozen over in the winter, so that the barbarians, " who often chose 
that severe season for their inroads, transported,- without apprehension or danger, their 
numerous armies, their cavaliy, and their heavy waggons, over a vast and solid bridge of 
ice."^ On the banks of tlie Danube the wine was frequently frozen into great lumps.* 
Secondly,* Caesar mentions the reindeer as existing in the great Hercjmian Forest that 
overspread Northern Germany, along with the gigantic Urus and the elk. This statement 
of Caesar is singularly corroborated by the discovery in the peat-bogs of Pomerania* of the 
remains of these three animals, so that there can be no reasonable doubt of his accuracy 
in this particular case. Modem ages afford no instance of like phenomena. From some 
cause or other, the temperature has increased on the banks of the Rhine ; and in the fact 
that at the present moment the reindeer" cannot live south of the Baltic we may recognise 
fi proof of a diminution of cold in that region since it was inhabited by those lovers of a 
severe climate. This change of temperature is very generally accounted for by the drain- 
age of morasses and the cutting down of woods ; but may it not with more probability be 
ascribed to a much deeper cause — to a secular change operating throughout £urope, 
which began in the Pleistocene, and was going on throughout the Prehistoric, and happened 
incidentally to be noticed in the Historical period ? The presence of the reindeer in the 
Prehistoric deposits of England, Ireland, and Scotland, affords precisely the same evidence 
as those mentioned by Caesar. At the time they lived in Britain and Ireland the climate 
must have been suited for them. On the theory of the gradual modification of climate 
through the Prehistoric and Historical periods, the fact of the manufactured ivory and the 
tusk preserved in the cave-earth of Paviland, cited above, being in precisely the same state 
of preservation, is alone explicable. There may have been oscillations of temperature, but 
the progress on the whole seems to us to have been gradual from the intense cold of the 
glacial period to the temperate " insular climate " obtaining in Britain at the present day. 

§ 6. The terra Pleistocene is used in the same sense as Professor Forbes and M. 

1 Diodorus Siculus, i, 5, p. 340, edit. Wesselling. Herodian, i, G, p. 221. 

2 Gibbon's * Decline and Fall,' chap. ix. 

3 Ovid, * Epist. ex Ponto,' Lib. 4, ep. 7, Lin. 9, 10. Virgil, * Georgic,' Lib. 3, Lin. 355. Zenophon'a 
'Anabasis,' i, 7. 

4 • De Bello Gallico,' vi, 23. 

* Professor Nilsson, " On Extinct and Existing Bovidae of Scandinavia ;" ' Ann. and Mag. Nat. Hist.,' 
1849, p. 264. 

^ See Zimmcrnian, Specimen Zool. Geograph., 4to, 1778, p. 285. 
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Gervais' have used it, as the exact equivalent of the Post-pliocene of Sir Charles Lyell, the 
Quaternary of the French geologists and Mr. Frestwich, and the Freglacial and Glacial 
divisions of Frofessor Fhillips. It appUes to all formations firom the top of the Norwich 
Crag up to the Frehistoric deposits, comprising the Freglacial Forest-bed, the Glacial drift, 
the Fost-glacial brickearths, loams, gravels, and the contents of the older ossiferous caverns. 
The discussion of the characteristic mammalia of each [of these we must leave to a 
future day, when we hope to enter fully upon the distribution of the Fleistocene mam- 
malia in Britain and Ireland. In the south of France the ossiferous caverns of Ferigord 
connect it with the Prehistoric deposits, and mark an epoch when a people, probably 
doeely allied to the Esquimaux, lived on the banks of the DordogneJ 
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i 7. Pleistocene caverns and river-deposits. — ^The writings of Sir Charles Lyell, Dr. 
Buckland, Professor Morris, Messrs. Godwin-Austen, Prestwich, Trimmer, MacEnery, 
Dr. Falconer, Boyd Dawkins, and many others, on the remains derived firom Fleistocene 
caverns and river-deposits are so well known that to enter into details about them 
would be superfluous in this Introduction. Their concurrent testimony proves that, 
while the great majority of caverns owe their contents to the faUing of animals into open 
fissures, and the transporting power of water, others have been inhabited for ages by 
hysdnas and other animals, and filled with the remains of their prey, and that the 
gravels, loams, and brickearths, which are sometimes very high above the level of the 
nearest stream, were deposited by a river flowing at a far higher level than at present, 
that has cut down its bed to its present level, and that the remains from the caverns and 
the river-deposits are, geologically speaking, of the same date. A list of the mammalia of 
each will be given subsequently. 

A short summary of the Fleistocene mammalia will not be out of place in this Intro- 
duction, though, no doubt, our views will be altered in many points as our investigations 
become more extended. The list of species will also probably be increased. Before, how- 
ever, we enter upon this, we must define what we mean by the determination and identifi- 
cation of a fossil species. 

^ 8. Till within the last few years the idea that the succession of life in the rocks is 
the result of a series of acts of creation and destruction, and that therefore the fauna of any 
given geological period is insulated from that which has gone before and that which comes 
after, has insensibly affected' most of the palaeontologists who have investigated the Fleisto- 

* Oerrais, ' Pal6ontologie Fran9ai8e,' 4to, 1859. 

3 MM. Ed. Lartet et H. Christy, 'Revue Arch&)logiqae,' 1864.'' 

^ ^On consid^re ordinairement le terrain dilayien comme s^par^ de T^poque modeme par lea charact^res 
ansai tranchea que ceux qai distingnent lea troia ^tagea de la periode tertiaire .... c'eat-k-dire qu'k la fin 
de cette periode toutea lea eap^cea ont 6t6 an^antiea et qn'iine noavelle cr&ition a repeapl6 la terra k 
I'origine de T^poqne modeme." (< Paleontologie,' par M. Fictet, vol. i, p. 359, first edit.) Professor Pictet 

c 
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cene fauna. It has led nearly all to give a far higher value in classification to points of 
(Merence than to those of agreement, and has left an indelible mark in the terminology 
of the species — os, for example^ in the Hytma spelaa of Goldfuss, and the EquusfossUis of 
Professor Owen^ which have not yet been proved to differ specifically from the living 
spotted hysena {H. crocuta) and the common horse {Equus cabaUus). The first law of the 
distribution of fossils given by Professor Fictet is — '* Les especes d'animaux d'une 6poque 
geologique n'ont vecu ni avant, ni apres cette epoque ; de sorte que chaque formation a ses 
fossiies speciaux.et qu'aucune espece ne pent etre trouvee dans deux terrains d'age different" 
— a law that is capable of disproof by the examination of any series of fossils stratigraphically 
arranged. We find, on the contrary, that in proportion to the lapse of time between any 
two formations, so the difference increases between their respective suites of organic re- 
mains. If the interval between them be great, there may be no species and no genera in 
common ; if it be small, a greater or less number of species or genera will be common to 
both. In the case before us the interval between the Pleistocene times and our own is, 
geologically speaking, small, and therefore we expect to find a large number of species and 
genera in common. 

In the determination of these we purpose to give the maximum value to variations 
within the limits of species that may be the result of difference of food, of climate, and 
the like. But it may be objected that identity of osseous framework does not imply 
identity of species where colour of the dermal covering is of weight — for example, that the 
identity of form of the skeleton of Hyana spelaa with the H. crocuta does not imply that 
the former was spotted, or that close agreement between the Pleistocene and living Uraus 
Arctos does not prove that the former was brown or black. To this we say that colour is 
not, in our opinion, of specific value, changing even in the same individual according to 
climate, as in the case of the Arctic wolves and many of the Arctic birds. The differences 
in dermal covering, on the other hand, in all cases that have come before us, are correlated 
also with differences in the skeleton, as in the recent lion and tiger. If the thick woolly 
and hairy covering on the carcasses of the mammoth and tichorhine rhinoceros, imbedded 
in frozen gravel on the shores of Siberia, be contrary to our experience of living species, 
they were accompanied also by characters in the dentition and skeleton that prove the 
species to which they severally belong to be extinct. Any argument, therefore, from them 
to any other Pleistocene mammal, between which and the recent there is no difference in 
hard parts, as the Hon, falls to the ground. The value, indeed, of comparative osteology 
depends upon the axiom, that identity of osaeom framework and especially of that most im- 
portant part of tlie digestive apparatus^ the teeth, implies also an identity of species. 

We have purposely omitted to burden this Introduction with references and notes, 
which will be found in their proper place in the body of the work. 

himself didclaims these views of the Pleistocene fauna, and states, as his helief, " Je crois qu' entre le 
moment ou les ossements des ours out ete enfouis dans les cavernes et le temps actual, il n'y a point en 
de creation nouvelle, et point d'intermptic^ dans la vie organiqne." — p. 360. 
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$ 9. Pleistocene Mammalia. — ^The remains from the British caverns and river-deposits 
of Pleistocene age, determined according to the principles given above^ present us with at 
least fifty-three species of fossil mammals, of which some are now extinct, some banished to 
remote parts of the earth, while others still survive in our forests, rivers, and moorlands. 

§ 9, A. BiMANA, Jlomo. — The presence of man among the Pleistocene fauna is now 
so universally recognised that there is no necessity for further evidence upon the point 
being adduced. From the river-gravels of Bedford, Hoxne, the Brick-earth of Fisherton, 
near Salisbury, and a large number of other places,^ have been derived the rude flint im- 
plements which Messrs. Evans and Prestwich have no hesitation in considering of the same 
age as the gravels themselves, which frequently contain the remains of mammoth, bear, and 
other Pleistocene mammalia. The caverns of Brixham, Kent's Hole, Gower, and Tenby, have 
afforded the rude implements used by the Pleistocene savages in association with the 
remains of the great carnivora. In the cavern of Wookey Hole also his rude handiwork 
of flint, chert, and bone, and the ashes of his fires, occurred under circumstances that 
admit of no doubt upon the subject. 

§ 9, B. Cheiropteea. — The remains of bats found in the ossiferous caverns, as Pro- 
fessor Owen' very justly remarks, cannot be differentiated from those of the species still 
inhabiting the districts in which they occur ; and from the fact of the species often still 
inhabiting the caverns in which its remains are found, there is a possibility of the latter 
not being of the same date as those of the associated mammalia. The same objection 
applies equally to the remains of the badger and fox, which, beyond all doubt, have been 
proved to have been Pleistocene mammals. The balance of probability is, on the whole, 
in favour of the Cheiroptera having lived at the same time as the extinct Pleistocene 
mammalia ; but there is no absolute proof. Professor Owen describes Fespertilio noctula 
as occurring in a fissure in a Mendip bone-cavern, and a lower jaw of the Greater Horse- 
shoe Bat (Rhinolophua ferrum-equinum) is figured by Scharf among the fossils from 
Kent's Hole.' 

§ 9, c. Carnivoba. Genus Machairodm^ Kaup. %^\ei&Machairodus latidena^ Owen. 
— ^The fact that, out of all the numerous places in which the remains of Pleistocene mammalia 
Occur in Britain, but one, Kent's Hole Cavern, should have furnished traces of this most 
Remarkable Pliocene carnivore, caused the late Dr. Falconer to consider it of a different 
date to the other fossil mammalia in the cavern. The condition, however, of the teeth in 
question, and their intimate association with the other remains,^ the absence of all traces 

> < Quart. Joorn. Oeol. Soc.,' 1856 — 65. ' Tom. cit.,p. 11 et seq. 

' See the beaatfal folio plates published in 1859, Torquay. 

^ ' CaTem Researches,' by the late Rev. J. MacEnery, F.G.S.,' edited by E. Vimn, Esq., London, 1859, 
8to, pp. 32-3. — "To enumerate the amonnt of fossils collected from this spot would be to give the 



XX INTR0DUC5TI0N. 

of watery action on their fine senate edges incline ns to believe that Machairodus ranged 
down, like Elephas mericUonalis, £rom the Pliocene into the Pleistocene period, and was a 
contemporary of the tichorhine rhinoceros and the spelaean hy»na. 

Genus Felia. Species Felts spelaa, Goldfuss. — ^The opinion that we propose to 
advance with reference to this species differs considerably from that of all the authors who 
have preceded us in their inquiries. The reason for it will be specially detailed in the 
monograph upon the genus, the first part of which is contained in the present publica- 
tion. We consider that, although differences may be found in all the parts of the skeleton, 
of F. spelaa^ which, at first sight, appear to separate it specifically from the lion, that they 
are not too great to be fairly ascribed to variation within the limits of the species. Re- 
mains which can in no way be distinguished from those of the lion occur both in the 
caverns and river-deposits ; and although the larger feline bones show us, as we have 
said, considerable differences, the examination and comparison of a large series, proves 
that the characteristics of lions are invariably shown, and very generally in an exaggerated 
form. We feel obliged, therefore, to consider Felia spelaa as a large variety only of the 
Felis leo^ that differs far more than the latter from the tiger {Felts tigris). The fact of 
the tiger now having an extended northern range round the sea of Aral, the district 
of the Altai, and in Northern Taxtary, and of its living with some of the Pleistocene species 
that have survived in those areas has inclined some naturalists, among whom is the late 
Dr. Falconer and M. Lartet,^ to consider it identical with F. spelaa. Up to the present 
time there is no evidence that the tiger has ever existed in Britain, or, indeed, in Europe, 
the fossil remains upon which the European range of the species in Pleistocene times is 
based bearing, without exception, leonine, and not tigrine characteristics.* 

A convenient method of classing the remains of the fossil lion is to consider the larger 

inventory of half my collection, comprising all the genera and their species, including the CuUrident 
(= Machairodus latidenSy Owen) ; there were hoards, but I must specify jaws of the elephant, and tusks, 
with the teeth in the sockets, the bone of which was so bruised that it fell to powder in our endeavour to 
extract it, a rare instance of the teeth occurring in jaws or gums. The same may be observed of the jaws 
of the rhinoceros, one portion alone of which was saved, but the teeth of both were numerous and entire. 
The jaws of the elk {Megaceros Hibemicus), horse, and hyaena, were taken out whole. The teeth of the 
last two were gathered in thousands, and in the midst of all were myriads of rodentia. The earth, as may be 
expected, was saturated with animal matter ; it was, to use the expressive words of my fellow-labourer 
Walsh, fat with the sinews and marrow of more wild beasts than would have peopled all the menageries in 
the world." 

^ * Cavernes du Perigord,' p. 21. Dr. Falconer's opinion, that the tiger of Northern Asia had no 
community of origin with, or, in other words, differs specifically from, the tiger of Bengal, is by no means 
confirmed by the description of one killed on the shore of the Sea of Aral, by Commander Bukatoff 
(*Journ. Geograph. Soc.,' 23rd vol., p. 95). — "A real royal tiger of a beautiful orange colour, with 
broad black stripes, uncommonly fat, and six feet four inches long from the nose to the beginning of 
the tail." 

2 The naturalists who consider the lion of Barbary, Senegal, Persia, and India to belong to distinct 
species, will also consider F. apelceay as specifically distinct from all the living species. 
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remains, which, besides their size, present also the characters of lion in an exaggerated 
form as belonging to variety a, Felis apelaa, while the smaller ones, that exhibit no 
differences as compared with those of the existing lion, constitute the second variety — 
var. /3, Felis leo. 

Species Felis antiqua^ Cuvier. — The remains of Felis antiquay first discovered oy 
Cuvier in the bone-breccia, at Nice, in association with remains of the horse and cave-lion 
have been determined by us* in two localities in the Mendip Hills. One canine tooth in 
the collection of the Earl of Enniskillen, F.R.S., came from Banwell, and two canines and 
molar teeth in the Taunton Museum were obtained by the late Rev. D. Williams from the 
cayem either of Sandford Hill or Hutton. We believe also, from drawings shown us by 
Colonel Wood, that its remains occur also in the cave of Spritsail Tor, in Gower. In 
Germany the species occurs in the great cave of Gailenreuth ; in Belgium, in the caverns 
of Liege, so ably explored by Dr. Schmerling ; and in France it appears to have been 
described under several names by various authors. In 1864 it was found at Gibraltar 
by Dr. Falconer and Mr. Busk, by the former of whom it has been identified with the 
panther, Felis pardus of Linnaeus. 

Species Felis catus ferns, Linn. — ^The remains from Kent's Hole and the Mendip 
caverns indicate a species slightly larger than the v\rild cat, that is becoming extinct so 
fast at the present moment in Britain. The brickearths of Ilford also have furnished a 
lower jaw, which is figured by Professor Owen, and is in the collection of Mr. Wickham 
Flower, to whose courtesy we are indebted for its examination. 

Genus Hycena. Species H. spelaa, Goldfuss. — ^^The Spelaean hyaena, so abundant m 
the caverns of France and Germany, we consider to be a variety merely of the H, crocuta 
or spotted hyena of South Africa.' Full evidence for this view will be given in the mono- 
graph upon the genus. Its remains, as we would expect from its habits, are abundant in 
the caverns, and comparatively rare in the river-deposits. Maidstone, Grays Thurrock, 
Lawford, Walton, and Fisherton, may be cited as the places where it occurs in river 
deposits. It exhibits considerable variation in respect to the talon of the lower sectorial 
molar^ which MM. Croizet and Jobert, M. de Serres, Dubinieil, and Jean-Jean consider 
of specific importance. The two marked varieties in Britain are var. a, H. intermedia of 
M. de Serres, and var. /3, H. Perrieri of MM. Croizet and Jobert. They are, in our opinion, 
mere varieties, as in a large series that has passed through our hands a gradation is 
evident from the typical to the more unusual forms. 

Genus Canis. Species C. lupus, Linn., C. vulpes, Linn. — The wolf {C, lupus) and the 
fox [C. vulpes) are indistinguishable from those that are now living in Europe. Their 
remains are found both in caverns and river-deposits. 

Genus Gulo. Species Gulo luscus, Linn. — ^The wolverine or glutton {Gulo luscus), 

» 'Om. Fobs.,' 4to, 1825, vol. iv, p. 188, pi. xv, fig. 12. 

' See Ayshford Saaford, *Brit. Assoc. Rep.,' 1864. 

3 See Boyd Dawkins "On the Deiitiiion ot" Hyana spelcBa^^' ' Nat. Hist. Rev.,* 18Gj. 
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the great pest of the fur-hunters of North America and Siberia, has left traces of its 
presence in Britain in Banwell and fileadon caverns, and also in a cavern at Gower. It 
is very abundant in the Pleistocene caverns of Liege^ and occurs also in the famous Bear's 
Den at Gailenreuth. 

Genus Mustela. Species Mustela erminea, Linn. — The identification of the ermine 
or stoat as a British Pleistocene mammal we owe to our great palseontologist, Professor 
Owen.^ It has been discovered by Mr. Bartlett in the cave at Berry Head, near Plymouth^ 
and by Mr. MacEnerv in Kent's Hole. 

Species Mustela puforius, Linn. — Tlie skull of the fossil polecat, obtained, like that 
of the preceding species, from Berry Head, and figured by Professor Owen,* is identical 
with that of the living Mustela putorim. Dr. Schmerling has proved the existence of this 
species in the caverns of Liege. 

Species Mustela martes, Linn. — In the Williams' collection from the Mendip Caverns 
is a skull and lower jaw imbedded in breccia which we can by no means diflferentiate from 
the marten-cat that is now rapidly becoming extinct in Britain. 

No species of this genus has up to this time been found in a river-deposit. 

Genus Lutra, Species Lutra vulgaris, Erxl. — From the aquatic habits of the otter 
we should naturally expect to find few traces of its presence in the bone-caves, many in 
the river-deposits. Yet but three cases have come to our knowledge of its occurrence in 
association with the extinct mammalia — the one in Kent's Hole Cavern, and the second 
in the brick-earths of Grays Thurrock, in Essex, the third from Banwell, and is preserved 
in the Taunton Museum. The specimens figured and described by Professor Owen are 
derived from the Prehistoric marls that underlie the peat of Cambridgeshire. 

Genus Meles, Species Meles taxus, Linn. — No trace of the badger {Meles towns) 
has been afforded by Pleistocene river-deposits. The caverns of Banwell, Kent's Hole, 
Berry Head, and Wookey Hole, have furnished ample proof of its presence among the 
Pleistocene cave-fauna, where, however, it does not seem to have been abundant. In the 
caverns of Prehistoric age, on the other hand, the occurrence of its remains is the rule 
rather than the exception. It is indistinguishable in species from that which abounds at 
the present day in the limestone caves of Somersetshire. 

Genus Ursus. Species Ursus spelaus, Goldfuss. — The remains of the fossil bears 
have been a fruitful source of dispute among naturalists since the days of Goldfuss. Their 
variations are so great and marked that to the person who has confined himself to the 
study of those derived from some one locality there is not the slightest difficulty in divid- 
ing them into species, while, on the other hand, those who have compared the French, 
German, and British specimens gradually realise the fact that the fossil remains of the bears 
fonn a graduated series in which all the variations that at first sight appear specific vanish 
away. In the very large number of bears' skulls from our own caves and those of France 

1 Op. cit 2 Op. cit. 
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and Gennany that we have examined there are hardly two that are alike. The frontal 
development^ the muscular ridges, the zygomata, the size and even the form of the last 
upper true molar, present us with points of diflference that, perhaps, may be the result of 
different food, locality, and sex. In the lower jaw, also, the relation of the angle to the 
coronoid process, the length of the diastema between the canine and premolar 3, the absence 
or presence of the small monofanged premolars 1, 2, or 3, afford materials for the 
manufacture of species or varieties according to the views of the naturalist as to their value 
in classification. Thus, the eminent French palaeontologist, M. de Blainville, considers 
these differences of no specific value, and believes that the specific determination of K 
^dam from U.ferox and U. Arctoa to be by no means clearly proved. Professor Owen, 
on the other hand, considers the spelaean bear to differ in species from both Ursus ferox 
and V. Arctos, and endorses the validity of Goldfuss's second species from Gailenreuth — U. 
priscus. Dr. Schmerling divides the remains of the bears he obtained from the caverns of 
liege into five species — TJ. giganteu% Schm. TJ. LeodiensiSy Schm., U, Ardoidetis, Gold., 
U.priscus, Gold., U. spel(Bus, Gold. To this list of fossil species Marcel de Serres adds U. 
Pitorii, and Mr. Denny, of Leeds, U. plani/rons. The whole of these, with the exception 
of U. priscm, are probably varieties of TJ. apelaics, dependent upon locality, food, 
and sex. 

In the remains ascribed by Dr. Carte to the Polar bear ( U. maritimusf from Lough 
Gur, in Limerick, we can see nothing to differentiate the animal to which they belonged 
from the spelaean bear. The proportions of the long bones and the position of the third 
trochanter on the inner side of the femur are points of difference between these remains 
and the recent Polar bear. 

The TJrms planifron^ of Mr. Denny, A.L.S., is probably a variety of Ursus spelaus 
with small frontal sinuses. 

Species IJrms ArctoSy Linn. — The second group of fossil remains may be considered to 
belong to Ursus ArctoSy the living European bear. It is differentiated from the XJ. 
spelam by the persistence of the small monofanged premolar one immediately behind the 
canine, and many other points to be discussed in the article on the Ursidae. It occurs in 
Wookey Hole, Oreston, Durdham Down, Hutton, Llandebie, Kent's Hole, and several 
Welsh caverns, and in the deposits of the Thames Valley at Grays Thurrock, in Essex, 
and Crayford, in Kent. 

The Urms priacus of Dr. Goldfuss is probably a variety of this species. 

In conclusion, we are obUged to acknowledge that the evidence afforded by the remains 
of the fossil bears is most conflicting, and that we consider it by no means impossible that 
at some future time the interval between the U, spelaus on the one hand and U. Arctos on 
the other may be bridged over, and both turn out to be, as M. de Blainville has suggested, 

" 'Journal of Royal Dubliu Society,' 1863. 

2 ' GeoL and Polytecbaic Soc. of Yorkahire,' 1864. 
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the extremes of a series ; but at present it is safer to consider them two closely allied 
species than as varieties of one and the same, 

§ 9, D. Insectivora. Genus Talpa. Species Talpa vulgaris. — The remains of th^ 
common mole have been discovered in a raised beach near Plymouth, together with the skull 
of a polecat^ and in the fluviatile clay at Bacton, whence also those of Jlyana speltea, 
Ursus spelaus^ Elephan primigenitts^ Hippopotamus major ^ and B/nnoceros leptorhinus, have 
been obtained.^ 

Genus Sorex. Species Sorex moschatus, Pallas = Myogalea moBchata, Fischer. — ^The 
fluviatile or lacustrine deposit at Ostend, near Bacton, in Norfolk, has afforded the only 
remains of this the most gigantic of the shrews. In the absence of the means of com- 
paring it with the recent skeleton, Professor Owen named and described it as an extinct 
species under the name of Palaospalax magnus} In 1863 M. Lartet determined its true 
affinities, and considers it identical in species with the animal described by the eminent 
Russian zoologist^ Dr. Pallas, under the name of Sorex moscKatm^ from the water-shed 
between the rivers Volga and Don, in Southern Russia,* 

Species Sorex vulgaris, Linn. — The common shrew has been found in Kent's Hole. 
Its apparent rareness in the caverns is probably the result of its small size. Other remains 
of shrews from Bacton and Ostend, in Norfolk, are perhaps referable to Sorex remifer and 
Sorex fodiensy but ** the dentition of the jaws is not in such a complete state as to allow of 
an unequivocal determination." 

^ 9, E. RuMiNANTiA. — Gcnus Bos, Subgenus Bison. Species Bison priscusy Owen. — 
Just as at the present day the bison wanders in vast herds over the lower grounds of the 
North American Continent, from north latitude 33° to 65°, so did the Bison prisons or 
great fossil bison in Pleistocene Europe and Asia north of the Himalayas. Its remains 
are most abundant in both the river-deposits and in the caves. The gravels of the Thames 
furnish most unequivocal proof of its presence in the numerous skulls and horncores that 
have been obtained from Grays Thurrock, Clacton, Ilford, Crayford, and Dartford. In 
Yorkshire and Scotland also it has been recognised, and in Somersetshire we have detected 
it in five out of eight ossiferous caverns of the period. It formed the prey of the hyenas 
of Wookey Hole, and fell into the "swallow -holes and fissures" by which Banwell, 
Bleadon, Uphill, and Sandford Hill caves were supplied with bones. The horncores 
present considerable variations in size— one from Sandford Hill measuring 26 inches in 
length, with a basal circumference of 16 inches, while a second from Ban well measures 
but 13*5 in length, with a basal circumference of 12-5 inches. The examination of a 
very large number of horncores and skulls of the fossil bison leads us to endorse Baron 

* Prof. Owen, op. cit. ^ Op. cit. 

' ' Revue Archeologique,* 1863. 
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Cuvier's opinion that the living and the fossil belong to the same speciesJ The smaller 
varieties arc those to which Professor Owen applies the name of Bison minor. 

Genus Bos. Species Bos primigenius^ Bojanus. — Numerous horncores and skulls and 
other remains in various parts of Britain attest the former existence of the great Urus 
{Bos primiffenius) in Britain during the Pleistocene period. It has been found in Scot- 
land near Edinburgh, and in the gravels of the Avon and Thames, and in a large number 
of other localities. 

Species Bos longifrons? — A second species of true ox, the small short-homed Bos 
longifrons^ has been described by Professor Owen from the river-deposits of Clacton and 
Walton, and Kensington, associated with the mammoth {Elephas primigenius), and from 
Bricklingham, in the valley of the Avon, along witli Bison priscus and Bos primigenius. 
On the other hand, all the smaller Bovine remains of Pleistocene age that we have examined, 
are proved by the associated horncores to belong to the bisonj and not to Bos longifrons, 
many bones of which, from their strong resemblance to those of the former, have been a 
frequent cause of error in the absence of horncores. We have already spoken of Bos 
longifrons as being probably a variety of Bos taiiruSy of which also Bos primigcnius is 
probably a second and extreme variety. Professor Nilsson, of Lund,' considers the latter 
as the ancestor of the large-horned Plemish oxen, and Professor Owen thinks that in all 

^ Op. cit., t. iv, p. 140. 

^ It is a remarkable fact that out of all the localities in Earope where Pleistocene mammals occur 
those given in the "British Fossil Mammals" should alone furnish proofs of the coexistence with the extinct 
mammalia of an ox that subsequently was brought under the rule of man, and kept in great herds in 
France, Britain, and Switzerland, in Prehistoric and Historic times. With respect to the remains of Bos 
ItmgifroTM washed up along with Elephcu antiquus and rhinoceros on the coast at Walton and Clacton ; a 
parallel case at Selsea, on the Sussex sea-board, inclines me to hesitate in inferring their contemporaneity 
from the fact of their having been washed up together. While engaged in the Geological Survey of the 
latter district in 1863, I found that there were two deposits of widely different age, lying side by side at 
the mouth of Pagham Harbour ; the one Preglacial, underlying the Boulder-clay, containing Elephas antiquus 
and the mammoth, the other estuaiine, of comparatively recent formation, and containing Bos longifrons, 
and red deer. The latter is deposited on the same Eocene plateau as the former, the ancient estuary having 
worn away the Preglacial forest-bed, the Boulder-clay, and the Preglacial river-deposits. The remains from 
both these deposits, washed out by the waves, were precisely in the same mineralogical condition, and both 
were stained of the same dark colour, and had I not been able to trace the remains of Bos longifrons to the 
estuarine mad, where one hind and one fore extremity of the animal remained in situ^ with every bone in 
place, I should have been compelled to believe that the Bos longifrons of Pagham coexisted with the 
JSlephas antiguus of the forest-bed. May not the similar association of the remains on the shores of 
Walton and Clacton be accounted for in some such manner ? While paying all possible deference to the 
views of our most eminent comparative anatomist upon the contemporaneity of Bos longifrons with the 
Preglacial mammalia, the evidence seems to be of such a nature as to leave the question of the existence of 
the animal in Pleistocene times entirely open. With reference to the other localities, where this species is 
alleged to occur, Kensington and Bricklingham, satisfactory evidence of ita association with Pleistocene 
mammals seems to me to be wanting. — ^W. B. D. 

» Tom. cit. (1849). 

d 
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probability the small Scottish and Welsh cattle are descendants of the fonner. If these 
views be correct, and we accept, as we are bound to do, interbreeding as a test of species, 
then both the urus and the short-horn belong to the same species, because their 
descendants breed freely together. Since, however, there is a great and persistent 
contrast between the size and form of the two in Pleistocene and Postpleistocene times, 
liot only in England but throughout Germany, France, and Switzerland, we think that 
in classification they more conveniently fall under the head of closely allied species than 
of varieties. The views, moreover, of their being the ancestors of our present varieties of 
cattle may possibly turn out to be false in after years. 

The evidence for the existence of Bos longifrona in Pleistocene times appears to us to 
be of such a nature as not to warrant the insertion of the animal in the list of species. 

Genus Ovibos. Species Ovibos vioschatus^ Blainv. — One of the more curious of the 
North American herbivores is the Ovibos moschatus, or musk-sheep, generally from its 
size called the musk-ox.^ Its affinities, as M. Lartct^ and M. de Blainville* have shown, 
are all with the OvidcB and Caprida, Its former existence in the West of England is 
proved by portions of two skulls found in the gravels of the Avon, near the Somerset and 
Wilts border. Messrs, Lubbock and Kingsley have also foimd it in the river-deposit near 
Maidenhead, on the banks of the Thames.* A fragment of a cranium and a portion of a 
pelvis of this animal have also been found at Green Street Green, in Kent, and are pre- 
served in the British Museum. It has not as yet been fomid in any of the British 
bone-caves. 

Genus Capra. Species Copra hircus, GmeUn. — The discovery of the skull, figured 
by Professor Owen, and lower jaw of Capra Uircus on the Walton shore, is by no means con- 
clusive of the contemporaneity of the genus with the extinct mammalia, the remains of 
which arc washed up on the same shore. The case indeed, cited by Professor Owen, 
stands alone, no instance being on record of the occurrence of the genus in any of the 
numerous Pleistocene deposits on the Continent. The remains found by Mr. Brown, of 
Stanway, on the Walton coast, may have been washed up from some other and later 
formation, as in the instance cited in the note upon Bos longifrons of the association of 
remains on the Selsea shore. Further evidence is still required to prove that any of 
the OnidcB or Caprida coexisted with the mammoth, rhinoceros, and other Pleistocene 
mammalia. 

Genus Alces. Species Alecs malc/ns, Gray. — ^We have already mentioned the charac- 
teristic broad palmated antler of the true elk of Norway, or moose-deer of the Canadians, 
found in the neighbourhood of Newcastle, in our list of Prehistoric mammaUa ; the proof 
that the same species inhabited South Wales in Pleistocene times is furnished by the lower 

^ Bubalus moschatus, Owen. 'Quart. Geo!. Journ.,' 1856. 

2 * Comptes Rendus/ Iviii, 26. 

3 'Bull. Soc. Philom.,' 1816, p. 81. 
* * Quart. Geol. Journ.,' 1856. 
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jaw detected by M. Lartet among the remains from the cave of Llandebie, in the Oxford 
Museum.^ It was associated with remains of Ursus arctos, 

(Jenus MegaceroB. Species Megaceros IdhernicuB, Owen. — More closely allied to the 
preceding than to any of the existing mammalia is the great extinct Irish elk — the most 
gigantic of the deer tribe, generally found not only in the caverns and gravels of the 
Pleistocene, but also in the lacustrine marls of the Prehistoric period. 

Genus Cervus. Species Cervus tarandus, Linn. — On the borders of "the Barren 
Grounds" in North America, Sir John Richardson tells us " there are two varieties of rein- 
deer, the larger inhabiting the woods and living upon grass as well as lichens, the smaller 
living entirely on Uchens, and ranging into the extreme northern latitudes." In our caverns 
and river-deposits there are traces of reindeer, also of two sizes. The hyaenas of Wookey 
Hole and of Kirkdale preyed upon both the larger and the smaller deer. The fossil 
antlers^ like the recent, vary to such a degree in size and form, and in the position of the 
brow-antler, that scarcely any two can be found alike. They may however, roughly, be 
divided into two classes by their size. On the larger series is based the variety C. Buck- 
landi, of Professor Owen; on the smaller C. Guettardi, of Baron Cuvier. The antlers 
from Banwell are all of the large variety. The remains of reindeer are so incredibly 
numerous in some caverns that Colonel Wood obtained upwards of 1000 antlers in one 
cave in Pembrokeshire. 

Species Cervics elaphus, Linn. — ^Two varieties of red deer, a large and a small, are 
found both in the caverns and in the river-deposits. Professor Owen terms the larger — 
from the large size of its antlers — Stronggloceros spelcBus. It is probably the Pleistocene 
representative of the large variety of red deer {Waipiti), now ranging on both sides of the 
Rocky Mountains, from the Columbia River at least as far north as the Saskatchewan, from 
North latitude 45° to 55°. It is a very curious fact that in tracing the red deer {C. elapkus) 
from the Pleistocene times down to the present in Western Europe, there is, from some un- 
known cause, a diminution of the size of the antlers. Thus, those of the variety Stronggloceros 
spelcBUS^ are vastly larger than those of the Prehistoric period, wliile the latter greatly 
surpass in size the red deer now living on the Scotch moors. That the large Prehistoric 
variety lived on in Britain into the times of history, is proved by its discovery near 
Worcester, in 1844, in association with the remains of Bos longifron^ — '^fragments of 
Roman urns and pans of red earth, and a piece of Samian ware." A coin of Marcus 
Aurelius was also found that would bring the date of the whole deposit to some time 
posterior to the year a.d. 161. The increase of population, and the encroachment of the 
cultivated lands on the lower grounds, more favorable in climate and food for the support 
of the deer, by forcing them to take refuge in higher and inhospitable districts where the 
herbage is scanty, were the probable causes of this diminution in size. 

^ 'Revae Arch^ologiqae,' 1864. 
^ Brit. Fobs. Mam. p. 475. 




xxviii INTRODUCTION. 

Species Cervus capreolus, Linn. — The presence of a small deer, undistinguishable 
from the roe {C. capreolus), among the Pleistocene mammals, is proved by five jaws, 
numerous teeth, and some antlers associated with Elephas antiquus, reindeer, red 
deer, bisons, and others, derived from Bleadon Cave, its antlers from that of Brixham, 
and other remains from the lacustrine deposit of Ostend, accompanied by Elephas 
antiquus. 

Species Cervus dicranios, Nesti. — The Rev. S. W. King has called our attention to 
the Cervine remains obtained in the forest-bed of Cromer, and preserved in his splendid 
collection of Mammalia. Of these, one portion of skull with bases of antlers attached proves 
that the Cervus dicranios of the Italian Pliocenes is to be ranked among the British Pre- 
glacial Mammalia. 

§ 9, r. Aktio-dactyla. — Genus Sus. Species Sus scrofa ferus. — The 
wild boar {Sus scrofa ferus) has left traces of its presence in the West of England, 
in the caverns of Bleadon, Uphill, and Hutton. One of its small incisors and 
a molar was obtained also from Wookey Hole Hyaena-den. It occiurs also in the 
river-gravels of Ilminster, as well as those of the Thames Valley at Ilford and 
Brentford. 

Genus Hippopotamus. — Species Hippopotamus major, Owen. The remains of the hippo- 
potamus have only been found in foiu* bone-caverns in this country — in that at Durdham 
Down near Bristol, by Mr. Stutchbury, in association with Elephas antiquus and 
Bhinoceros leptorhinus and other remains ; and in that of Kirkdale, along with the same 
two species of mammalia ; in Kent's Hole cavern ; and in the Ravenscliff cave in Gower. 
In the river-deposits, also, it is, contrary to what one might expect from its habits, compara- 
tively rare. Its remains are found at Grays and Ilford associated with the tichorhine, 
leptorhine, and megarhine rhinoceroses ; at Walton and Folkestone vni\\ Elephas antiquus ; 
at Peckham with E. antiquus and E, primigenius ; at Bedford with E. antiquus^ the 
tichorhine rhinoceros, and the reindeer, and at Bacton with the leptorhine rhinoceros; 
and the mammoth. Brentford, Cromer, Burfield, Overton, Alconbur}^ and Cropthome, 
are the principal localities in Britain, which up to the present day have yielded the remains 
of this member of a tropical group of mammals. Its occurrence so far north in associa- 
tion with the reindeer, bison, and other members of a northern fauna, has led Sir Charles 
Lyell, Bart., Mr. Prestwich, and other eminent authorities, to infer that it was defended 
from the cold by long hair and fur, similar to that which the discoveries in Siberia have 
made known on the mammoth and tichorhine rhinoceros. And this inference is probably 
true, because in existing nature we know of no animal that is exposed to a severe or even 
temperate climate without some protection against the cold. The difference between the 
dentition of H major as compared with the closely allied species 7/. amphihius (Linn.) 
is very small. The former, however, is characterised by its larger size, by the shortness of 
its cranium, the posterior position of its orbits, the great elevation of the sagittal and 
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t)ccipital crests, and especially of the upper margin of the orbits above the plane of the 
brow.^ 

§ 9, G. Perisso-dactyla. Genus Equus. Species Equm fossilia. Von Meyer. — The 
pimries of Pleistocene Europe must have been as plentifully stocked with the wild horse 
as those of America by the half-wild horses introduced by the early settlers, Nearly every 
Pleistocene bone-cavern in England has yielded their remains, and in the river-deposits 
their presence is the rule rather than the exception. In the forest-bed at Cromer, it is 
found associated with the remains of mammoth, hippopotamus, rhinoceros, and trogon- 
therium. In Wookey Hole Ilyaena-den, in conjunction w^ith the tichorhinc rhinoceros it 
formed the chief food of the hysenas. 

Professor Owen considers that the solidungulate remains indicate thc^ coexistence 
of three distinct species in Pleistocene Britain ; — Equicsfossilis, a species distinct from the 
living E. caballus, Equus plicidens, based on molar teeth from Oreston, and Asintisfossilis 
from Chatham, Oreston, Thorpe, and Kessingland. These last two may turn out to be 
varieties of Equusfos»ilis, and that species we can determine by no special mark except 
by the smaller transverse measurement of the teeth, from the living Eqtius caballus. It is 
possible that the smaller remains ascribed to Jsi/ius /ossilis may have belonged to the ass, 
but at least it is equally possible that they may have belonged to a small variety of 
horse.' 

Genus Rhinoceros, The remains of the fossil rhinoceros have perhaps a wider range 
than those of any other fossil quadruped except Machairodua and Elephas. From the shores 
of Siberia in latitude 72°, southwards as far as the Sivalik Hills they are found in greater or 
less abundance, from east to west the genus ranges from the banks of the Lena to the 
Straits of Gibraltar. Its range in time is as great as its range in space — from the Miocene 
as far down as the later division of the Pleistocene, when the ' low-level ' gravels and 
brick-earths of Mr. Prestwich were being deposited. The British Pleistocene species are 
four in number. 

Species Bhinoceros tkliorhinm, Cuv. — The tichorhine is the most widely spread and 
the best known of the British species of rhinoceros. Its remains arc found from the 
Pyrenees and Alps, throughout France, Germany, and Russia, as far north as the shores 

^ Dr. Falconer's letter in Dr. Morton's paper, " On a new living species of Hippopotamus," etc., 
' Jonrn. Acad. Nat. Sci./ Philadelphia, vol. i, 2nd series. 

' Cuvier comes to the same conclusion, after a careful study of the remains of horses : '' La m^me 
resemhlance paroit avoir en lieu de Tesp^ce fossile aux esp^ces vivantes. J*ai choisi des os de clieval 
fossiles bien entiers, et que je savois certainement avoir etc trouv^s pele-m^le avec des os d'eldphans, 
rhinoceros, ou d'hippotames, qui devoient done ctre provenus de chevaux de cette ancien monde, ayant vecu 
avectous ces grands pachydermes et j'en ai fait une comparaisou soignee avec mes squelettes. Par example, 
UBe ffmar de cette caverne de Breugues ou il y avoit des os de rhinoceros etoit parfaitement semblable, 2l 
-an ffmur de chcval de taille moyenne,*' etc., etc. Op. cit., torn, ii, pp. Ill, 112. 
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of the great Arctic Sea. Cuvier also mentions it as having been found in Italy -^ but his 
detennination is, in our opinion, open to considerable doubt. In Britain, Professor Owen' 
describes its remains as occurring in the forest-bed of Cromer ; and in the caverns and 
river-deposits its bones and teeth are very generally found. In Ireland no remains of 
any of the four species have as yet been determined, nor could we detect any trace of them 
in the Museums, on a journey for that express purpose. The species is characterised by 
the possession of two horns ; an osseous septum between its nares, that completely divides 
the one from the other ; by the presence of the anterior comhin^-plate in the permanent 
upper molar series and of two costa on the anterior area of the lower,' by the stoutness of 
its bones and a very great many other points to be found in the essays of Professors 
Brandt,* Owen,^ Mr. Dawkins/ and M. de Christol/ Defended from the cold by hair, 
and with a hide entii^ely without those hideous wrinkles that disfigure the living species, 
this animal ranged throughout the regions of the great Pleistocene continent north of a line 
passing through the Pyrennees eastwards through Switzerland to the northern end of the 
Caspian, thence along the watershed of the River Irtish through Lake Baikal as far as the 
Jablonoi and Stanovoi Mountains, and most probably up to Behring's Straits. 

Species Bltinoceroa leptorhinus, Owen.^ — The remains of the non-tichorhine species 
of rhinoceros remained in the greatest confusion up to the year 1835. Baron Cuvier, so 
far back as the year 1812, had divided the non-tichorhine rhinoceros into three species, B. 
leptorhinmy JR. minntus, and B, iiicmvns. The B. leptorhinuSy with which alone we have 
to do, he based upon a skull found in the Pliocene of the Val d'Arno, of which he had a 
drawing sent him by Professor Cortesi, which he gives in the first edition of the " Ossemens 
Fossiles/' In this drawing, the osseous septum between the nares was absent, and from its 
absence,^ coupled with the slendemess of certain long bones found in the same deposit, 
and with difierent proportions of the skull as compared with the tichorhine species, he 
inferred the existence of a second species, B. leptorJnnus or '' rhinoceros a narines non- 
cloisonnees'' This determination was accepted without question by the scientific world 
until the year 1835, when M. de Christol proved that the very skull described as a narines 
non-cloisonnces^^ possessed the osseous septum between the nares, and that therefore Baron 

^ Op. cit., torn, ii, p. 73, pi. ix, fig. 10. 

2 Op. cit., p. 347. 

3 'Nat. Hist. Rev.,' (18G3) xii, p. 552. 

* **De Rhinocerotis Antiquitatis seu Tichorhini seu Pallaaii structure." * Trans, de St.-Petersborg, 
Tol. vii, pt. 2. 4to, 1849. 

6 Op. cit., p. 325. 

« ' Nat. Hist. Rev.,' 1863. 

7 * Ann. de Sci. Nat.,' 2e sdrie, t. 4, 1835. 
® Op. cit, 356. 

* Op. cit., torn, ii, pp. 71-2, pi. ix, fig. 7. 

^0 It is indeed very hard to reconcile the figure given by M. de Christol (op. cit., pi. ii, fig. 4) with an 
incidental remark of Dr. Falconer. In his masterly '< Treatise on the Mastodon and Elephant," (' Quart. 
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Cuvier^s definition of the species was wrong. In the year 1846, Professor Owen, on the 

discovery of a non-tichorhine skull and lower jaws at Clacton in Essex, inferred from the 

correspondence of the latter with those from the Val d'Arno described by Cuvier, that the 

rhinoceros of Clacton and that of Italy belonged to one and the same species. And as 

the sknll found at the former place presented traces of a partial septum between the nares 

he proposed that Cuvier*s definition of " H. a narines non-cloisonnees '* should be altered 

into " B. a narines demi-cloisonneesJ^ Whether the lower jaws from Italy, by which 

Professor Owen connects his species with that of the great anatomist, belong to the 

leptorhine as defined by the latter or not may be an open question ; but as the assemblage 

of remains of rhinoceros from Clacton has been truly and accurately defined by Professor 

Owen as belonging to B. leptorhinus, under which name they have been in the catalogues 

of British Possils for the last 1 8 years, the specific name as imposed by Professor Owen 

ought to be maintained. The Bhinoceroa leptarhinus then, or B. a narines denii-cloisonnees 

of Professor Owen,^ the equivalent of B. hemitcechus of Dr. Falconer is the second species 

of fossil rhinoceros found m Britain. Like the tichorhine species it was bicom ; but 

probably from the partial ossification of the anterior continuation of the vomer, the anterior 

horn was much smaller than in the latter. The head and the bones were much more 

slender^ the anterior conibing-plate is invariably absent from the upper permanent molar 

series, and a very large number of other differences are observable which it is superfluous 

to mention here without the aid of figures. It occurs in the brick-earths and gravel-pits 

of the " lower terrace " of the Thames Valley at Clacton, Ilford, Crayford, and Peckham, 

It is one of the species that fell a prey to the hyaenas of Kirkdale and Wookey Hole, and its 

teeth and skulls have been found in the ossiferous caverns of Gower and of Durdham 

Down near Clifton. Both upper and lower jaws associated with the Hippopotamus 

^najor and Elephas antiqum have been obtained from the river deposits at Lexden near 

Colchester. 

Species Bhinoceros megarhiniLS, De Christol." — Out of the confusion which the non- 
^ichorhine continental species were involved, M. de Christol determined in 1835, one valid 
species, Bhinoceros megarldnus^ so called from the large size of its nasals. In the tjrpe 

^jreol. Joarn.,' 1865, p.* 285) he says of a skull of Elephas meridionalis, ''It was found at no great 
distance from the classic cranium of Monte Zago, upon which Cuvier founded his Rhinoceros leptorhinus, 
an extinct species devoid of any bony partition between the nostrils. Both specimens are now pre- 
in the Natural History Museum of Milan, and, by the permission of Dr. Emilio Comalia, I had 

opportunity of examining them minutely The skull of the rhinoceros is exactly as Cuvier in 

he first instance, and Dr. Comalia subsequently, described it, t. e., without a trace of an external nasal 
ptum." 

^ It is probably the same species as that described by Aymard, as^. mesotropus (Pict6t, Paleontologie, 
856, t. 1, p. 298) ; B. leptorhinus du Puy., by Gervaise, (Zool. et Pal. Fran., 1st edit. t. 1, p. 48) ; and as 
Jymardiy by Pomel. ('Cat. Method.,' p. 78, 1854.) Gervaise describes this fossil species as being ona 
* dont les narines sont separ^s par une demi-cloison osseuse.' 
* Op. cit. 
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specimen from Montpellier the septum between the narcs is absent. It is closely allied ta 
the i2. Icptorhinm of Professor Owen, but difiFers materially in its larger size, and in a 
great many otlier points. Its existence in Britain was first satisfactorily determined by 
Mr. Boyd Dawkins,^ in the spring of 1865. The remains belonging to this species have 
been obtained from three localities in the valley of the Thames, at Grays Thurrock, Cray- 
ford, and Ilford, and are preserved for the most part in the British Museum. In the 
cabinets also of Dr. Spurrell and Mr. Grantham arc some upper molars from the south 
bank of the Thames near Crayford, in Kent ; while in the beautiful collection of mammalia 
from Ilford, in Essex, on the north bank, made by Dr. Cotton, F.G.S., are two molar teeth. 
A single worn and mutilated tooth, obtained by Mr. Prestwich from the railway-cutting 
near Bedford, may possible belong to this species ; but its condition renders a precise 
determination impossible. The Rev. J. Gunn, F.G.S., has a fine upper premolar of 
this species in his collection from the forest-bed of Norfolk, where, as in Italy, it is 
associated with Elephas antiquusy E, meridional is ^ and E. priscus. 

The occurrence of these Pliocene species, the remains of which in the marine sands of 
Montpellier were found in association w^ith Mastodon drevirosfris, and Ilalitherium Serrem, 
in the lower part of the Thames Valley, is a very curious and interesting fact, especially as 
at Grays Thurrock it is associated with the Elejohas priscus, Falc, of the Pliocenes of the 
Val d'Amo. It may perhaps attach a higher antiquity to the Pleistocene river-deposits in 
which it is found than those from which it is absent. 

Species Rhinoceros etrmcus^ Falc. — In the collections of the Rev. J. Gunn, F.G.S., 
and of the Rev. S. W. King, F.G.S., Dr. Falconer, identified also the remains of a second 
species of Pliocene rhinoceros derived from the Preglacial deposits on the Norfolk shore. 
It is a species found very abundantly in the deposits of the \^ d'Amo, near Florence. 
The upper true molars from the latter place difiFer from those of the tichorhine rhinoceros in 
all points of difiFercncc presented by the megarhinc and Icptorhine species. In size and 
general form they are more closely allied to the latter of these two species. From both 
they differ in their small size, coupled with the lowness of the crowns of the upper molars 
and basal excavation of the external lamina. A second upper true molar in the cabinet 
of the Rev. J. Gunn, F.G.S., presents also a cusp at the valley-entrance. 

§ 9, n. Proboscidea. — Genus Ele2)has. — The proper classification of the genus 
Elephas we owe to the cosmopolitan researches of the late Dr. Falconer, brought before 
the Geological Society of London in 1857, and published in the * Quarterly Journal* for 
1865.^ Beginning with the mastodons he traces, in a most masterly way, the gradual 
passage through the various existing and extinct species into the Elephas Indicus and the 



1 ' Nat. Hist. Rev/ (1865). No. xix, p. 99. 

2 This short abstract of Dr. Falconer's papers, we give, merely that our readers may be in possession 
of tbe facts. 
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mammoth {E. primiyenius). His classification is based upon that most important part of 
the digestive series — ^the dentition. 

A. Stegodon, — ^The remarkable deposits in the Sivalik hills yield the first indication 
of a passage from mastodon into elephas in the presence of three species — Elephae 
{Stegodon) bombijrons, insignis, and gane%a. E. [Stegodon) Clijiii, Talc, found by Mr. 
Crawford in Ava, constitutes the nearest approach to Mastodon in the limited number of 
ridges (six) of which its intermediate^ teeth are composed. E. bombifrona and E. insignis 
present the next stage in departing from the mastodontic type in the presence of seven, 
eight, or even nine ridges in their intermediate molars. The Stegodons are (Jifierentiated 
from the mastodons by the number of ridges on the crown ; by the convex outUne of each 
unworn ridge, by the absence of the longitudinal line of division along the middle of the 
crown ; by the valleys being filled with cement ; by " the pronounced arc of a circle 
described by the molars as we trace them forwards in the jaw ;'' and by the inner side of 
the upper teeth and the outer side of the lower being the higher, besides many other less 
obvious points. A longitudinal and vertical section of the stegodon tooth showing '* a 
series of chevron-shaped ridges, of which the height does not much exceed the base, 
and assimilating closely to the true mastodons," difierentiates this group from the 
succeeding ones. 

This group is confined to tropical Asia, and is now extinct. 

B. The next stage in departing from the mastodons is shown by the species of the 
group Lowodon^ that comprises the extinct Elephas planifrons, Falc, of the Sivalik Hills ; 
ElepAas priscus, Falc, and E. meridionalia^ Nesti, of Europe ; and the living Elephas 
Afncanus. Its essential character " is that the ridges while closely corresponding " with 
the former group, *' in regard of number, are considerably more elevated and compressed," 
showing, in a longitudinal and vertical section a series of elongated wedge-shaped pro- 
cesses of enamel, intermediate in thickness between Stegodon and Euelephas. 

0. The third and last group, the most aberrant from the mastodontic type, is the 
group of the Euelephas^ comprising the living Indian elephant {E, Indicus), and the 
extinct E. antiquuSyFelc, and mammoth {E. primigenim), Blum., and some other species. 
It is characterised by the number and thinness of the ridges or lamellae forming the crown, 
and the flattened ellipse afforded by their sections on its worn surface, by the small quill- 
shaped digitations that they present in the unworn tooth, and by the thinness and the 
minute folds on the enamel. 

1 t. e. The last milk molar and ante-penultimate and penultimate trae molars. See Falc., ' Quarterly 
Joum. Oeological Society' (1857), No. 52, p. 315. 

e 
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Such is a brief summary of the results of Dr. Falconer's classification. Previous to 
this the elephants were divided into three species — E. Indicua^ E. J/ricanus, and, lastlj, the 
fossil species K prtmyienius. Under the head of the latter all the remains of the fossil 
elephants were described by Baron Cuvier, M. de Blainville/ and Professor Owen, 
and considered to be merely varieties by MM. Gervais, Pictet, and other palaeon- 
tologists. 

The species of elephant that Uved in Britain during the Pleistocene period are four in 
number — Elephaa {Loxodon)pri8cu8y Goldfuss; E, [LoxodofC) meridionalis^ Nesti; E. {Eude- 
phas) antiquus, Falc, and E. {Euelephas) primi^enius, Blum. 

1 . Species Elephaa {Loxodon) priscus, Goldfuss. — ^The sections of the ridges on the 
worn surface of the crown present a lozenge-shaped outline and a mesial expansion. Teeth 
bearing this characteristic have been identified by Dr. Falconer from the Pleistocene 
brick-earths of Grays Thurrock, in Essex, and from an imcertain locaUty in the Thames 
Valley, and from the Norfolk coast, between Cromer and Lowestoft, near Happisbui^.' 
The latter was probably derived from the horizon of the Forest Bed. The species occurs 
in Italy in the Pliocene strata of the Romagna, and possibly in central France. 

2. Species Elephas [Loxodon) meridionalisj Nesti. — ^This species of elephant, first of 
all named by Nesti, from the rich deposit in the Val d'Arno, and accurately defined by 
Dr. Falconer in the essay above cited, is characterised by the possession of the following 
ridge formula, exclusive of talons : — 

Milk Molars. True Molars. 

3 + 6 + 8 8 + (8 — 9) + 13 



3 + 6 + 8 8 + (8 — 9) + 13 — 15 

The enamel composing the ridges or lamellae of the teeth is thick and plaited, and the 
ridges themselves are very thick as compared with those of the group Euelephas, and 
present a mesial angular expansion. The crown is very wide and belongs to the eury- 
coronine, just as the preceding E. priscus belongs to the steneo-coronine, or narrow- 
crowned species of the group Loxodon. The tusks are simply curved, and the skull 
presents a large number of characters, that it would be out of place to mention here. 
The remains of Elephas meridionalis have been found only in the horizon of the Forest 
Bed at Bacton, Mundesley, and Happisburgh, in deposits of Pleistocene age. They occur 
also in the Norwich Beds and the Red Crag below them. The species is essentially a 
Pliocene one, that lingered on into the early part of the Pleistocene, where its range in 
Britain is restricted to the area of Norfolk and Suffolk, which it inhabited also in the 
PUocene times. 



^ Ost^ographie, Article * Elephas.' 

^ 'Quart. Geol. Journ.' (1865), Ixxxii, p. 269, et seq. 
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S. Species Elephas {Euelephaa) antiquua^ Falconer. — The Elephaa anttquus, like the 
preceding species found in vast numbers in the Val d' Arno deposits is characterised by the 
possession of narrow-crowned (steneo-coronine) molars. The enamel is crimped, and the 
ndges in the worn crown surface present a certain amount of mesial rhomboidal expansion. 
The tusks are nearly ^straight. Its remains are found both in the bone-caverns and in river- 
deposits. In the West of England the caverns of Bleadon and Durdham Down have 
furnished unequivocal proofs of its coexistence in the one with the cave-bear, cave-lion, 
and mammoth, in the other vnth the hippopotamus and leptorhine rhinoceros. In South 
Wales those of Gower yielded it in association with the reindeer, and the hippopotamus, 
and the same species of rhinoceros ; and in Yorkshire, that of Kirkdale, with the three 
last species and the cave-hysena, and the bison. Along the coast of Norfolk, southwards 
round the coast of Kent and Sussex, the detached molars are frequently dredged up, and 
between high and low water-mark on the Selsea shore the greater part of a skeleton was 
found in association with the stumps of trees that constitute the Forest Bed of the soiith 
coast. The skull, ribs, teeth, tusks, and gigantic leg bones are preserved in the 
Chichester Museum. It is found abundantly in the low-level deposits of the Thames 
Valley, as at Ilford, Brentford, Grays Thurrock, and Crayford. Clacton, Walton, Lexden, 
Ostend, Happisburgh, and Thorpe, have also afforded its remains. In the Bedford 
Gravels it is foimd associated with the tichorhine rhinoceros, the hippopotamus, and rein- 
deer, and in those of Folkestone with the Irish elk, the red deer, and the bison. 

4. Species B. {Ev-elephas) primiffeniuSy Blum. — ^The mammoth is differentiated from the 
other fossil species of the genus by the possession of the same ridge-formula as the Indian 
elephant — 

Milk Molars. True Molars. 

4+8 + 12 12 + 16 + 24 



4 + 8+12 12 + 16 + (24 — 27) 

exhibiting a progression by successive increments of four ridges. The tusks are curved 
spirally, in which point they contrast greatly with those of the preceding species. The 
enamel is very thin and uncrimped — a point of difference between the mammoth and the 
E. Indicua — ^and the ridges are very much compressed. This species is most abundantly 
found in all the British Pleistocene deposits fix)m the Forest Bed of Norfolk upwards. In 
Wookey Hole Cavern it was associated vrith the leptorhine and tichorhine rhinoceroses, 
and in the Thames Valley with E. antiquus, and Rhinoceros megarhinuB, It is one of the 
few Pleistocene species that have been found in Ireland. The animal must have lived in 
Britain in vast numbers, and for a long ^time, as its remains are so universally found. Its 
range was greater than any other fossil mammal — throughout Europe, north and east of 
the Pyrenees, through France, Germany, Russia, and Siberia (where its frozen carcase 
was found), across Behrings Straits into Russian America, andjJpwB southwards as far as 
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the river Ohio, where its remams occur associated with the mastodon at "Big-bone 
Lick/' In the College of Surgeons there are some very characteristic remains fix)m this 
latter locality. 

§ 9, 1. Glires. — Genus Castor. Species Castor troffontierium, Cuvier. — Jaws and 
numerous isolated teeth from the Forest Bed of Bacton and Mundesley, and the blue day 
of Cromer, prove the former existence of the great extinct species of beaver first found by 
M. Fischer on the sandy borders of the Sea of Azof, at the beginning of the present century.^ 

Species Castor Europtsusy Owen. — The existence of a species of beaver that cannot be 
differentiated with that now living in the Rhone and Danube, with the great extinct C. 
trogontherium, is proved by the occurrence of its remains in the same series of deposits at 
Mundesley, Happisburgh, and Thorpe, on the Norfolk coast. A ramus from Grays Thur- 
rock, preserved in the British Museum, and the entire lower jaw from Ilford, in the cabinet 
of Dr. Cotton, F.G.S., prove also that it was a contemporary of the leptorhine, megarhine, 
and tichorine rhinoceroses, of Elephas primigenm, E. antiquus and E. priscus. In size 
the remains coincide exactly both with the recent beaver, and with that that is found so 
abundantly in and imder peat-bogs. It has not yet been found in any of the British 
Pleistocene caverns. 

Genus Arvicola. Species Jrmcola amphibia, Desm. — That the large water mole of 
our streams lived at the same time as the great extinct camivora, and pachyderms in 
Britain is proved by the occurrence of their remains, both in caverns and river-deposits. 
In Banwell Cavern it was associated with the great cave-bear, the reindeer, and the 
panther ; in Kent's Hole, with machairodus ; in Kirkdale, with hyaena ; and in the river- 
deposits at Ilford, Crayford, and Erith, with bison, lion, and the tichorhine, leptorhine, 
and megarhine rhinoceroses. 

Species Arvicola pratensis. The Bank Vole has been found in Kent's Hole, in precisely 
the same condition as the other Pleistocene remains obtained from that famous cavern. 

Species Arvicola agrestis, — The third species of Arvicola, the Field Vole, has also been 
obtained from Kent's Hole, by the late Mr. MacEnery, and from the Hyaena-den at Kirk- 
dale, by Dr. Buckland. 

Genus Mus, Species Mus musculus, Pall. — ^From Kirkdale Cavern has been obtained 
the only evidence for the existence of the common mouse in the Pleistocene period. The 
remains though, as Professor Owen remarks, slightly larger than the existing mouse, in 
no other respect differ from that species. 

Genus Lepm, Species Lepus timidus, Erxl. — ^The remains of the common hare have 
been discovered in the Mendip bone-caves, by the late Rev. D. Williams ; in Kent's Hole, 

1 (* Cuvier,' torn, cit., vol. ?, pt. i, p. 59.) The large size of the anterior molar, as compared with the 
rest, and the absence of involutions of enamel on the outer side of the molars, with mlmy other points, 
differentiate the teeth of this species from the living Castor fiber of Europe and North America. Its remains 
are confined to the localities mentioned above. 
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by the Mr. MacEnery ; and in Kirkdale, by Dr. Buckland^ in association with the extinct 
and living species of Pleistocene mammalia. 

2. Species Lepus cuniculus, Pall. — The rabbit also has been found in Kent's Hole, 
Kirkdale, and the Mendip Caverns, and, on the authority of Professor Owen, also in the 
cave at Berry Head. 

Genus Zemmus, Link. Species (?). — The remains of two or three individuals 

of the genus Zemmus, Lemming, obtained by Dr. Blackmore, from the low -level gravels of 
Fisherton, near Salisbury, in association with the remains of the reindeer, tichorhine rhi- 
noceros, manunoth, and spermophilus, proves this northern genus to have been represented in 
Britain during the Pleistocene period. Whether or no it be identical in species with the 
Norwegian Lemming Zemmus Norwe^icus, Desmarest, or that of Greenland, Mus Green-- 
landicuSy I'rail, Jrvicola Gree^andica, Richardson, or that of Hudson's Bay, or any of 
those described by Richardson in his great work * Faima Boreali- Americana,' or of those 
described by Pallas, in Siberia and Lapland, is entirely an open question, requiring more 
time for its solution than this Introduction would allow. It will be fully discussed in the 
body of the work. 

Genus Zagomys. Species Zagomys spelmusy Owen. — ^We owe to Professor Owen the 
determination and description of the tail-less hare, discovered by Mr. MacEnery, in Kent's 
Hole, and figured in the beautiful unpublished plates by Scharf, for a second volume of 
the * Reliquiae Diluvianae,' of which the death of Buckland deprived the scientific world. 
Baron Cuvier had determined, with his usual sagacity, the occurrence of this northern 
genus of Rodent, in the ossiferous Breccia of Cette in Corsica and in Gibraltar ; and he 
considered it to be closely allied to the Zagomys Alpinus, or larger species of tail-less 
hare described by Pallas. Professor Owen considers also that the Kent's Hole fossil is 
closely allied to the same species, but that it is slightly larger ; and a comparison of pi. 
Ixxxiv of the * British Fossil Mammals,' with the figures of Zagomys alpinus, and Z. 
pusiUus^ given in tab. iv, a, in the beautifully illustrated treatise on 'Novae Species e 
Glirium ordine' of Dr. Pallas (4to, Brian gae, 1778), proves the truth of his remarks. 
The genus at the present day is confined to the Himalayas, Siberia, and the high latitudes 
of North America. Richardson describes it as living in the Rocky Mountains. No 
species of it is found at the present day in Europe. A second instance of the occurrence 
of this species in Britain is afibrded by Mr. Busk, F.R.S., who has identified among the 
remains from the Brixham Cave, those that can in no way be differentiated from the 
species found in Kent's Hole. Whether Zagomys spelaus be an extinct species or not is 
by no means satisfactorily determined ; but in the absence of absolute evidence upon this 
point, we think it highly probable that it may turn out to belong to some one of the many 
species that live in the cold regions of the northern hemisphere. 

Genus SpermophUus. Species Spermophilus erythrogenoides, Falc. — The identification 
of two lower jaws in the collection of mammalia from the Mendip Caverns, made by the 
late Rev. D. Williams, and now in the Taunton Museum, we owe to Dr. Falconer, who 
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apptied the specific name firom their dose resemblaiice to the SpermophUw erytkrogenya, 
Brandt,^ of Siberia. 

Species Spermophiha citiUus, Pall.— -A third jaw in the same collection differing from 
the preceding in its greater stoutness^ and in the greater outward extension of the process 
between the angle and condyle^ is most closely allied to the pouched marmot, SpermopkUua 
citiUm found near the snow-line on the high mountains of central and northern Europe. 

Remains of several individuals of this genus have been discovered by Dr. Blackmore 
also in the low-level gravels of Fisherton, near Salisbury. Unfortunately, from the veiy 
large number of the living species that must necessarily be examined before an accurate 
determination can be made, we have been unable to determine these in time for the 
Introduction, which we publish now in an imperfect state rather than keep back till the 
end of the work. 

$10. If we now pass on to consider the relation which exists between the British 
Pleistocene mammalia and those now living on the earth, we shall find that the former 
fall into five distinct groups : the first comprehending all the extinct species ; the second, 
those confined at the present day to northern climates ; the third, those confined to 
southern ; the fourth, those common to northern and tropical climates ; and lastly, those 
still inhabiting the temperate zones of Europe. 

§ 10, A. Extinct species. — Out of the fifty-three species, omitting Bos hngifronSy 
which has not yet been proved to have inhabited Pleistocene Britain, but fourteen are no 
longer to be found on the face of the earth : 



Machairodus latidens. 
UnuB spelseus. 
MegaceroB Hibernicus. 
CervoB dicranioB. 
Elephas antiquos. 

4, primigeniuB. 

„ priACUB, 



ElephaB meridionaliB. 
HippopotamuB major. 
RhinoceroB tichoiinuB. 

megarhinuB. 

leptorhinuB. 
„ EtruBCUB. 

Castor trogontherium. 



9> 



And it is a fact well deserving of note that of these more than half had already begun to 
live in the preceding period. Thus, the Pliocenes of the Val d'Arno, near Florence, are 
characterised by the occurrence of Machairodus, Elephas antiquuSy E. meridionalis, E. 
priscns, Rhinoceros Etrusctis, Hippopotamus major ^ and Cervus dicranios, while the Pliocene 
strata of Montpellier have yielded the megarhine rhinoceros, which probably occurs also 
in the former locality. The Castor trogontherium may perhaps turn out also to have 
existed in Pliocene times ; but at present we know nothing of the age of the sandy deposit 

1 ' Deux DouvelleB especes de Sonsliks de Russie ' (SpermophilaB Eversmanni et ErTthrogeDys), BuU. 
Sclent. Acad., St. PeterBb., t. ix (1842), p. 43. 



INTRODUCTION. . xxxix 

on the shores of the Sea of Aral, in which its remains were found. In Britain it is confined 
to the Preglacial formation of the east coast. 

The only Pleistocene formations in Britain that have yielded the five Pliocene species^ 
Elephas priscu8^ I/.meridionalis, B. Etruscusy B. meffarAinus, and Cervus dicraniosj are the 
Preglacial deposits on the Norfolk and Suffolk coasts, and the river-gravels, and brick-earths 
of the lower part of the valley of the Thames. The precise geological age of the latter, 
as they are deposited along a line that roughly marks the southern limit of the Glacial 
Sea, the extension of which is marked by the Boulder-clay, is at present undetermined ; 
but the Pauna they contain more closely resembles that of the Preglacial Forest Bed, and 
that of the Pliocenes of the south of France and of Italy than that contained in any 
Pleistocene deposit in Britain of Postglacial age. 

Of all the Pliocene mammalia that Uved on into Pleistocene time Elephaa aniiqum had 
the most extended range in Britain. To pass over the deposits in the valley of the Thames, 
and the Preglacial beds on the Norfolk and Suffolk coasts, where its remains are very 
abundant, it is found in Elirkdale Hyaena-den associated with Hippopotamus major and 
the leptorhine rhinoceros of Professor Owen ; at Selsea with the mammoth and horse ; 
in the Gower Caverns with reindeer and leptorhine rhinoceros ; in Bleadon Cavern with 
wild boar, cave-lion, cave-hyaena, wolverine, bison, and roebuck. A very large number 
of other locaUties might be cited in proof of its having coexisted with most of the mam- 
malia found either in Pleistocene caverns or river-deposits. For these we must refer to 
the table of the range and association of the British Pleistocene mammalia that we have 
now in hand. 

The leptorhine rhinoceros (Owen), is associated with the tichorine in Wookey Hole 
Hyaena- den, with the megarhine in the Thames Valley. Its presence in these localities, 
as also in the caverns in Gower/ at Kirkdale and Durdham Down prove that it also co- 
existed with the great majority of the Pleistocene mammalia. The characteristic fossil 
manmials of the British Pleistocene, omitting Castor froffontkerium are Bhinoeeros leptorhu 
nus, Owen, B. tichorhinus, Mephas primiyenius, and Ursus spelaus. Megaceros Hihemicus 
Uved on into the Prehistoric period. 

^ 10, B. Species confined to northern climates. — The second group of Pleistocene 
mammals now confined to the colder regions of the north, or to high altitudes in the 
northern hemisphere, where a low temperature obtains, consists of eight. 



Gulo lUBCUB. 

CerviiB tarandoB. 
Alces malchis. 
0?ibo8 moschatus. 



Spermophilus citillus. 

„ erythogenoides (Falc). 

Lagomys speleeus. 
LemmoB 7 



The Cervus Bucklandi of Professor Owen, and the C. Guettardi of Baron Cuvier 

^ See 'Quart. Journal of Geol. Soc.,' vol. zfi, p. 487. 1860. 'Dr. Falconer's account of Col. Wood't 



collection.' 
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appear to be only varieties of C. tardndua^ analogous to those now found in the high 
latitudes of Europe, Asia, and America. Previously^ to the year 1671 it had disappeared 
from the south side of the Baltic, and now is rapidly retreating northwards along with the 
Fins at the approach of civilised man. In Asia, in Pennant's time (1780), on the 
authority of Dr. Pallas, it extended along the Urals to the foot of the Caucasus. In 
America its southern limit is the parallel of Quebec. 

The musk-sheep, Ovibos moschatua, De Blainv., associated with the mammoth, tichorhine 
rhinoceros, horse and deer, in the gravels of the Avon, is now confined to the high 
northern latitudes of the American continent, where it ranges over the treeless barren 
groimds from the Biver Mackenzie, through 105 degrees of longitude, along with 
Esquimaux, reindeer, wolverines, bears, and various species of lemming, and spermo- 
philus, and hare. Sir John Richardson places the Mackenzie Biver as its probable 
western limit, but Captain Beechey* found that the Esquimaux near Eschscholtz Bay 
knew the animal, so that in all probability it ranges through the district to the west of 
this. Its southern limit extends from the edge of the woods up to the highest northern 
latitudes, yet reached by our explorers, " from the entrance of the Welcome into Hudson's 
Bay, about the 60th parallel of latitude, in a westward and northward direction to the 
66th parallel, at the north-east comer of Great Bear Lake, and from thence nearly in the 
same direction to Cape Bathurst in the 71st parallel."* Within the last century it had a 
further range to the south to latitude 59., the enterprising traveller Heame having seen 
its tracks in the neighbourhood of Fort Churchill in the year 1770. As an associate of 
the mammoth it ranged over the " tundras " or treeless " barren groimds " of Asia, on the 
borders of the great Polar Sea. In tracing its remains from the locality in which it still 
lives, southwards and westwards, we find them in the frozen gravels and brick-earths of 
Eschscholtz Bay, along with mammoth, elk, reindeer, horse, and bison.* On crossing 
Behring's Straits into Asiatic Russia they are described by Ozeretzkousky as occurring 
at the mouth of the river Jana, between the rivers Lena and Indigirka, in longitude 
135°, and latitude 65°; and by Pallas, as occurring still further to the west, in the 
great " tundra " or moss steppe between the Obi and the Lena. The discovery of the 
skull of Ovibos moschatus at the mouth of the river Obi, in longitude 70°, and within the 
Polar circle, brings the animal almost to the borders of Europe.^ Then passing over the 
vast areas of Russia in Europe, and Germany, where there are no authentic accounts of 

^ Zimmerman, * Specimen Zoologise Geographise' (4to, Lugduni Batavorum, 1778, p. 285): — 
** Bartholiuo teste (' Acta Hasnens./ 1671), Daniam rangiferi plene deseruerunt nee amplias ibidem at 
olim proveniunt. Et Pontoppidanus ('Norweg.,' t. xi, p. 21), Reynardus que ('(Euvres de Reynard,* 
Paris, 1750, t. i), tentatas coram educationes propagationesqae secus ibi cecidisse omnesqae periisae con- 
firmant." 

2 * Voyage to the Pacific' (4to, London, 1831), p. 324. 

3 'Zool. of H.M S. Herald,' 4to, 1854, p. 23. 

* See *Zool. H.M.S. Herald,' and Appendix, by Dr. Buckland, in * Beechey's Voyage to the Pacific' 
6 See Cnvier's ^Oss. Foss.,' vol. iv, p. 155, 1825. 
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its discovery, the next three localities in its southward and westward range, are Maidenhead, 
iu Berkshire, whence Messrs. Lubbock and Kingsley obtained two heads, described by 
Professor Owen in 1856^ under the name of Bubalus moschatus \ the Avon, near Bath, 
whence Mr. Moore obtained also two skulls ; and Green Street Green, in Kent. The 
discoveries of M. Lartet* extend its southward limit to the Department of Oise, the 
environs of Paris, and the banks of the Vezere. Thus, the range of the musk-sheep 
is as great, if not greater than that of the mammoth. The two running side by side 
throughout France, Germany, North Europe, and Asia, part company at Eschschtjltz Bay ; 
the former ranging eastward in a living state throughout the northern shores of the 
American continent ; the latter being found in a fossil state through Oregon, as far 
south as the Zanesville, on the banks of the Ohio, and as far east as Rutland, in Vermont.' 

The tail-less hare [Lagomys spelaus) of Kent's Hole and Brixham, found also by Baron 
Cuvier in a breccia at Gibraltar, is probably that described by Pallas as a living member 
of the Siberian Fauna, while the fossil lemming of Salisbury, and the elk or moose-deer 
of Uandebie are at present natives of the northern parts of Asia, America, and Europe, 
the province of the latter ending where that of the reindeer begins. The SpermophiltM, 
or pouched marmot, of Salisbury and the Mendip Caves, is found throughout the high 
northern latitudes of Europe, Asia, and America ; and it inhabits also the higher districts 
much to the south of these, where a low temperature prevails throughout the year, as the 
Alps, the Pyrennees, the Urals, and the Rocky Mountains. Pallas mentions* it also as 
inhabiting the water-shed of the Don and Volga, along with the Sorex {Myogalea) 
-moschatus. 

The glutton or wolverine {Gvlo luscus), of Banwell, Bleadon, and Gower Caverns, 
iranges at the present day through the colder regions of North America, inhabiting alike 
the districts of the elk, the reindeer, and the musk-sheep, and extending as far north as 
3ilelville Island, in latitude 75°. According to Audubon^ it occurs as far south as Jeffer- 
son County, in latitude 42°'46. It ranges also throughout the northern parts of Asia 
«nd Europe, living in the latter in northern Russia, Sweden, and Norway. Everywhere 
:£t is the great pest of the fur-himters, destroying both their traps and their game, and 
^SDearing open their winter stores. 

§ 10, c. Species confined to southern climates. — The third group of Pleistocene species 
^Kiow confined to hot climates, consists of two : 

Felis spelsea, var. of F. leo. 
Hyaena spelaea, var, of H. crocuta. 

^ 'Qnart. Geol. Journ.,' 1856. 
3 ' Comples Rendus,' Iviii, 26. 
s Warren 'On the Mastodon,' p. 158, Boston, 1855. 

* Audubon, Richardson, Fischer, Brandt, Desmarest, Cuvier, and Pallas are the principal authorities^ upon 
^^irbich the geographical distribution of the northern group of mammalia is given. 
^ 'Quadrupeds of North America' (1847), 4to, p. 211. 

f 
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The range of the first of these, Felts leoy has been considerably modified during the 
Historical Period. At the present day it is found, with but extremely slight variations, in 
the whole of Africa, with the exception of Egypt and the Cape Colony, from which areas it 
has probably been driven away by the hand of man. In Asia the maneless vaiiefy 
inhabits the valley of the Tigris and Euphrates, and the districts bordering on the Persian 
Gulph ; and still lingers on in India, according to Mr. Blyth, in the Province of EattyWar, 
in Guzerat.^ That, however, lions dwelt in Europe within the Historical times, is proved 
by the concurrent testimony of Herodotus,* Aristotle, Pausanias, and -^lian. The former 
mentions them as descending from the mountains in the night and attacking the baggage 
camels of Zerxes' army in their march through Fseonia; and he mentions that the 
mountainous district between the River Nessus, in Thrace, and the Achelous, in Acamania, 
was infested by a great number of lions. Aristotle confirms this statement of Herodotus, 
and adds that they were more numerous in Europe than in Asia or Africa, and also more 
powerful. In this latter respect the spelaean lion of Pleistocene Europe tallies exactly with 
his description of the lion of Thrace and Macedonia. Pausanias adds other details to the 
above account, and states that they were peculiarly abundant in the plains at the foot of 
Mount Olympus. There is, indeed, no geographical reason why, at a period still earlier 
than this, the species should not have inhabited Western Europe. On the whole, the sum of 
the evidence as to the relation between F, spelaa and the European lion of History, inclines 
us to believe that the latter was widely spread throughout France, Germany, and Britain 
in Pleistocene Europe, under the name of the former, and that probably it was gradually 
driven from Western into Southern Europe, and thence into Asia by the hand of man.* 
From the latter also it is gradually disappearing, having retreated from Asia Minor, Syria, 
and Palestine into Persia and India, which are the only countries in the Europaeo-Asiatic 
continent where it is now found. 

The remaining animal belonging to this section is the HycBna spelcsa, which a careful 
comparison leads us to consider as a variety of a living form — the spotted hyaena of South 
Africa. The present range of this animal presents a difficulty which is not felt in the case 
of the cave-lion, the latter being traceable in a living state into Europe, while the former 
is now confined to Southern Africa, and has never been found in the north of that vast 
continent. The Hycena spelcea, on the other hand, of Pleistocene Europe, is very abundant 
in the caverns of France, Germany, and Britain. That, however, the spotted hyaena of 
the Cape is the living representative of the European Pleistocene species, which under 

1 'Cat. Mam. Mus. Asiat. Soc, Beng./ Calcutta, 1863. 

^ Herodotus 'PolymDia,' chap. cxx7,^£d. Weeseling ; Aristotle 'Hist. Ann.,' chap, xxvii; iElian 'Hist. 
Aun./ lib. 17, chap, xxvi ; Pausanias, on the authority of M. de Blainville. 

^ With reference to the lions of Greece, Zimmerman thinks this explanation improbable : — " Boa autem 
non auctis hominum catervis ad hauc discessionem perductos esse, ex eo patet, quod majori longe hominum 
multitudine Greecia Aristotelis aevo frequentata fuit quam quibus nunc temporibus ipsam sub Tarcarum 
ditione immitique domiuio cultam novimus." — * Specimen Zoologiee Geographicae,' 4to, p. 386. 
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conditions of existeDce, differing from those under which the former now lives, presents 
certain variations within the limits of the species, we hope satisfiuitorily to show in the 
Monograph upon Hyeena, to be published at a future day. 



§ 10, D. Species common to cold and tropical climates. — One of the Pleistocene mam- 
malia, the Felis antiqua, of Cuvier, or the fossil representative of the F. pardus, of Linnaeus, 
has at the present day a most extended range throughout Africa, from Barbary to the Cape 
of Good Hope (Cuvier), and throughout Persia into Siberia. In this latter countiy M. 
Gotthelf Fischer^ describes it as occurring in the Altai MounttuDs and in Soongoria, a 
tract of country also that is inhabited by tigers. The fox and the wolf are like instances 
of some of the living camivora being able to endure almost every degree of temperature 
without being specifically modified by it. 

§ 10, K. Species still inhabiting the temperate zones of Furope. — The fifth, and by far 
the largest, group of the Pleistocene mammalia embraces those stiU living in the temperate 
Eones of Europe. It consists of twenty-eight species : 



Homo. 

Rhiciolophu* ferram-equinaai. 
Yeiperlilio noctula. 
Talpa Tulgaris. 
Felia catas fema. 
Cuiis lupus. 
„ Tulpea. 
UnsteU erminea. 

Latra Tulgaria. 
Melea taxu>. 
Unna Arctos. 
Sorez vulgaria. 



Sorez moBchatUB. 
Boa primigeniua (?). 
Biaon priecua. 
Cervus elapbua. 

„ capreolna. 
Sua acrofa Terua. 
Equua cabal! ua. 
Caator Europeeua. 
Arvicola amphibia. 

„ Bgreatia. 
„ pratCDsia. 
Lepoa (imidoa. 

„ cDoiculaa. 
Mua muaculua. 



The Bison priscus, or the aurochs of the Pleistocene, that spread over nearly the whole 
of the Pleistocene Europaeo-Asiatic contment from the Pyrennees through France and 
Germany as far as Behrings Straits and Eschscholtz Bay on the American shore of the 



I ' Zoognoaia," iii, p. 221 {Bto, Hoaqos, lei-l) : — " Sic dictam unciam a CI, SteTen «(tDraatiaaimo 
noatri maaei largitore accepi ez niantibua Soongoricia et jugo Altaico, pantheram Africaoam ez diliaaima 
donatione Ezcell. Paall de Demidoff obtiauimoa. Hcec profuudiore colore gaudebat, uacia rero albidiore, 
aedmacolarum nallam vidi diSereatJam. Individium Tivum nuacapud Excell. Principem de Tussupoff cod- 
■erratam ez Fenia venit, etiam albidiore indatnm eat veste, et maculae aubaanularea, ia pedibus et c 
mag^ virgatffi sunt. Uocia itaque pelle albidiore, juniores pardoa indicare videtur." — Cuvier (torn 
Tol. W, p. 42S) endonea tbia determiuatioa. 
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Arctic Sea, now lingers in a Lithuanian Forest, protected by an imperial decree of the 
Czar of Russia. Its remains are found associated with those of the mammoth, in the 
frozen brick-earths and gravels of Eschscholtz Bay, throughout the Asiatic ** tundras,*' the 
islands of New Siberia and the Lachow Group, and in the caverns and river-deposits of 
Northern and Western Eiurope. It is mentioned in a remarkable List of Graces^ of the 
Abbey of St. Gall, written by Ekkehard the younger (who lived from a.d. 980 till 1036), 
as an article of food, together with the bear, the urus, the beaver (which they called a fish), 
the wild horse {Equus fetalis), the marmot, and others. Mr. Wylie considers that the 
Equm feralis was the oflFspring of a domestic breed run wild like that of America ; but 
when we consider the vast humber of horses that have left their remains in association 
with those of bison in various Pleistocene deposits, and that at a far later date they formed 
the food of the tribes that lived in the pile-dwellings of the Swiss Lakes, and the hut- 
circles of Berkshire, the probability seems to us that reference is here made to a breed of 
horses as undoubtedly wild as the mouse-coloured wild horse of Central Asia. 

The musk-shrew, Sorew moschaius^ of Pallas, described by Professor Owen from the 
Preglacial deposits of Bactori, under the name ol PalaospaJax maffnii8,v& now found only in a 

^ The lifrt of animals is so remarkable that we have subjoined the whole passage in which they are 
mentioned : 

" Sit benedicta^&rt caro/7t>a> uoce salubri." — line 71 

" Sub cruce diuina benedicta sit ista feriua. 

Sub cruce diuina sapiat bene quaeque ferina. 

£t semel et rursus cruce sit medicabilis uraus, 

Hunc medici sanum memorant nullique nocivum. 

Dente timetur (petulcus) aper, cruce tactus sit minus asper. 

Cerui (vel cerue) curracis caro sit benedictio pacis. 

Haec satan et Larvae fugiant crustamina cerute. 

Signet uesontem benedictio cornipotentem. 

Dextra dei ueri (uel benedicat) comes assit carnibus uri. 

Sit boa siluanus sub trino nomine (crucis hoc signamine) sanus. 

^it/eralis equi caro dulcis in (sub) bac cruce Christi. 

Imbellem dammatn faciat benedictio summam. 

Capreus ad saltum benedictus sit celer altum. 

Sit cibus illaesus caprea. Sit amabilis esus. 

Capreoli (us) uescam dent (det) se comedentibus escam. 

Games uerbicum nihil attulerint inimicum. 

Pernix cambissa^ (fera alpiua) bona sit elixa vel assa. 

Sub cruce diuina caro dulcis sit leporina 

Alpinum cassum^ faciat benedictio crassum. 

Sit caro syluana crucis omnis robore sana." — 'Benedict, ad Mensas' Ekkehardi 
Monachi Sangallensis (lines 117 — 136), * Archaeological Journal/ vol. xxi, pp. 355 and 358. 

' Pallas, • Zoographia/ vol. i, p. 128 ; * Second Travels,' trans., vol. i, p. 48. London, 1802. Fischer 
('Synopsis Mammalium,* 8vo, Stut., 1829, p. 250-1) gives the literature of the species. 

^ Chamois. * Marmot ? 
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living state in Southern Russia, in the area between the Don and the Volga. An animal of 
aquatic habits, it is especially abundant on the banks of the Soura River, in latitude 55^ 
north, and longitude 47^ east, under a temperate continental climate, cold in winter but 
hot in summer. Dr. Pallas, in his 'Second Travels,* describes the country which it 
inhabits, after an unusually severe winter, as covered with tulips, saflfron, and the Star of 
Bethlehem, and although SpermophUus cttillus, the Alpine marmot, was in the neighbour- 
hood, there were vineyards close by. The water-shrew of the Pyrennees, Myogale 
Pyrennaica, GeoflFr., is a closely allied species, differing from the Sorex moschattis {Myoyale 
moscAata^ Fischer), in its smaller size, and long and rounded tail. 

. An analysis, therefore, of the fifty-three Pleistocene species, those about which there is 
any doubt being omitted, gives 

14 as extinct. 

8 as confined to northern climates. 

2 „ southern climates. 

1 as common to temperate and hot climates. 
28 as still inhabiting the temperate zones of Europe. 

63 

^11. Inferences as to Pleistocene climate. — The proportion of fourteen extinct to 
thirty-nine living species proves that, in the geological sense, the present order of things is 
separated by a small interval from the Pleistocene ; while, from the fact that twenty-eight 
species, or half, are still living in the same European area, we may infer that the conditions 
of existence, the climate and food, and the like were then very similar to those now 
obtaining in the area in which they live. That, however, some great physical change has 
taken place in Europe since the Pleistocene times, is proved by the presence of other 
groups of mammalia — ^those confined now to cold and to hot countries. They afford 
evidence that at first sight appears conflicting, but which upon analysis we shall find to 
be very conclusive, that the climate in Britain, in those days, was very much more severe 
than at present. From the conditions under which the surviving Pleistocene herbivores 
now Uve, we can infer those under which they lived in Britain in that early period. The 
northern group of Pleistocene mammalia, living only now in a severe continental climate, 
consists of species that have very different powers of resisting cold and heat. Thus, the 
musk-sheep is found now only under the lowest temperatures in the vast treeless " Barren 
Grounds " of North America, while the reindeer lives also in the forests, along with the 
elk, of the Europaeo- Asiatic and North American continents. The red deer and the bison 
range up to the edge of the province inhabited by the latter animals. The lemmings 
live under a very severe climate, while the marmots are found in the higher and colder 
districts in Southern Europe and Central Asia. Each of these northern species is 
dependent upon the oscillation of the climate for its particular habitat in a given year, 
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retreating northwards or southwards, according to the temperature that r^nlates the 
supply of food necessary for its existence. Thus, in North America, Sir John Franklin 
writes that the migrations of the animals afford a means of foretelling the severity of the 
season. If the reindeer retreat far south then a severe winter is to be apprehended ; if» 
on the contrary, they remain very nearly in their usual winter haunts, the season invariably 
is a mild one. The reindeer of Northern Russia are equally dependent upon the season 
for their locality ; and if an unusual season occurs, to put the animals off their accustmned 
route, the inhabitants of the district at the mouth of the Kolyma, Uving upon the chase, 
endure the severity of famine. M. Von Matiuskin, the Lieutenant of Admiral Von 
Wrangel, had the good fortune to see one of these migratory bodies of reindeer crossing a 
river, consisting of many thousands, divided into herds of two or three himdred each. 
By some such oscillation of temperature, which regulates the supply of food for the 
herbivores, the remains of the animals of two contiguous zoological provinces may be 
found together in one spot, as in the case of the northward retreat of the musk-sheep 
which, living in Hearne's time (a.d. 1770 — 72) near Fort Churchill, has left that district 
to be occupied now by the elk and the waipiti. In this manner the admixture of the 
remains of animals living at the present day, respectively, in a severe, and in a temperate 
continental climate, may be accounted for in the Pleistocene caverns and brick-earths. 
Of the district in America, where the animals inhabiting the high northern latitudes 
meet with those that live under a comparative temperate climate. Sir John Richardson 
writes : — *' The subsoil north of latitude 50° is perpetually frozen, the thaw on the coast 
not penetrating above three feet, and at Great Bear Lake, in latitude 64°, not more than 
twenty inches. The frozen substratum does not of itself destroy vegetation, for forests 
flourish on the surface at a distance from the coast, and the brief, though warm summer, 
gives birth to a handsome flora, matures several pleasant fruits, and produces many carices 
and grasses."^ 

But in the vast plains of Siberia, extending from the Altai Mountains to the Arctic 
Sea, we find probably a nearer approach to the Pleistocene climate of Western Europe. 
Covered by impenetrable forests, for the most part of birch, poplar, larch, and pines, and 
low creeping dwarf cedars, they present every gradation in climate firom the temperate to 
that in which the cold is too severe to admit of the growth of trees, which decrease in 
size as the traveller advances northwards, and are replaced by the grey mosses and Uchens 
that cover the low marshy '* tundras." The maximum winter cold, registered by Admiral 
Von Wrangel,^ at Nishne Kolymsk, on the banks of the Kolyma, is — 65° in January. 
" Then breathing becomes difficult ; the wild reindeer, that citizen of the Polar region, 
withdraws to the deepest thicket of the forest, and stands there motionless as if deprived 
of life;" and trees burst asunder from the intensity of the cold. Throughout this area 
roam elks, black bears, foxes, sables, and wolves, that afford subsistance to the Jakutian 

^ Back*8 'Journey to the Arctic Sea/ 4to, 1836, appendix, p. 479. 
2 Op. cit. 
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and Tungusian fiir-hunters. In the northern part countless herdd of reindeer, elks, foxes, 
and wolverines make up for the poverty of vegetation by the rich abundance of animal 
life. ** Enormous flights of swans, geese, and ducks arrive in the spring, and seek deserts 
where they may moult and build their nests in safety. Ptarmigan run in troops amongst 
the bushes ; little snipes are busy along the brooks, and in the morasses ; the social crows 
seek the neighbourhood of new habitations ; and when the sun shines in spring one may 
even sometimes hear the cheerful note of the finch, and in autumn that of the thrush." 
Throughout this region of woods a hardy, middle-sized breed of horses lives under the 
mastership and care of man, and is eminently adapted to bear the severity of the climate. 
Like the other northern quadrupeds they change their coats in the midst of summer. *' They 
perform most laborious journeys, often of three months' duration, with no other food than 
the half-withered grass, which they get at by scraping away the snow with their hoofs, 
and yet they are always in good condition." The only limit to their northern range is 
the diflSculty of obtaining food. The severity of the winter, through the southern portion 
of this vast wooded area is almost compensated for by the summer heat and its marvellous 
effect on vegetation. 

The hypothesis of a series of conditions obtaining in Pleistocene Western Europe 
similar to those now found in this portion of Northern Asia, will alone satisfy the evidence 
afforded by the fauna, and the deposits in which they are found. The contortion of the 
gravels, and the angular state of the pebbles of which they are often composed, are, as 
Mr. Prestwich infers, explicable only on the theory of ice having been formed in our rivers 
in far larger quantities than at the present day; the one being the result of the grounding 
of miniature bergs, the other of their melting away and depositing their burden of pebbles. 
The large plateaux of brick-earths are probably the deposit of the floods caused by the 
sudden melting of the winter snow, similar to that which Admiral Von Wrangel describes 
in Northern Siberia, and Sir John Franklin in the area north of the Canadian Lakes. 
The winter cold would be suflSciently intense to allow of the northern group of mammalia 
living in the winter, and even the musk-sheep (of which the remains are rare) might have 
been obliged to leave the Pleistocene " tundras," and take shelter in the zone of the elk and 
even the bison, in an unusually severe season. On the other hand, in the summer, the 
animals that aie now found in the temperate zones of Europe might advance even into 
the country of the elk and the reindeer ; and even camivora now confined to hot climates 
find their way into the temperate zone of the day. Thus, the HycBua vulgaris, or common 
living hyaena, is found fossil in the South of France, without penetrating as far north as 
Britain, France, or Germany. 

In fine, the evidence afforded both by the fauna and deposits of the Pleistocene seems 
to us to prove that the climate in Pleistocene Britain was more severe than it 
is now ; that at a time when Britain formed a portion of the Europaeo- Asiatic continent, 
it more closely resembled that now obtaining in the fur-countries of Northern Asia than 
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elsewhere ; and lastly, that it was subject to oscillations by which the migrations of the 
herbivores were directed northward or southward, as the case may have been. 

The remarkable evidence afiForded by the thick woolly covering on the carcases of the 
mammoth and tichorhine rhinoceros of Siberia, as to the temperature of the countries in 
which they lived, makes it very probable that the Hippopotamus major was in like manner 
defended from the cold ; but at the same time we must bear in mind that the aquatic habits 
of the genus are incompatible with the severity of a climate suited to the reindeer ; that it 
has not been found in Russia, nor in any of the vast deposits in the high northern 
latitudes ; and that therefore it is rather to be put into the same category with the bison of 
North America, rather than the reindeer, as an occasional visitant rather than a dweller 
throughout the year in England, France, and Germany. Its remains are very rare, as com- 
pared with the other herbivores, the fossil elephants, rhinoceroses, Irish elks, bisons, rein- 
deer, and the like. Its head-quarters probably were on the shores of the Mediterranean, 
and the north of Africa, from which latter locality M. Gervaise^ cites it as occurring in a 
fossil state near Constantine, in Algeria. In the caverns on the European shores its 
remains are extremely abundant, as also in the Italian Pliocenes.' 

There is another interesting point connected with climate. How it may be asked, can 
you reconcile the presence of the spelaean hyaena and the lion with the climate which the 
reindeer and the musk-sheep required for their existence ? Is not the very fact of their 
coexistence with the reindeer a proof of their specific distinctness from the African or 
Asiatic lion, or the hyaena of the Cape ? If they are identical in species must not the 
Pleistocene climate have been similar to that of the countries in which they now live ? An 
appeal to the zoological distribution of the carnivora over wide areas, proves that it is not 
so. While the herbivora are dependant upon the temperature for the vegetation on which 

^ Tom. cit., p. 363. 

2 The occurrence of hippopotamus may be accounted for in a somewhat different manner. While 
we may be almost certain that the general climate of Britain, during the Postglacial epoch, has been 
more severe or, properly speaking, more extreme or continental than at present, a period or periods of 
some length may have intervened, while England and Ireland formed a portion of the European continent, 
when the climate may have been less severe, and the rivers free from ice throughout the year. This view 
of the case is strengthened by the fact that the fossil hippopotamus is frequently, if not generally, accom- 
panied by forms of elephant and rhinoceros i. e. Elephas antiques and Rhinoceros leptorhinus, which appear 
both in this hemisphere, and as far as E, antiquus is concerned, in America also, to have had a southern, 
and even a tropical, rather than a northern range. Among other facts which must be accounted for is the 
existence of a Lusitanian flora on the west coast of Ireland. This flora, or some member of it at least, with 
difficulty maintain their ground at the sea-level, and must have been exterminated by the severity of the 
glacial epoch ; and we cannot suppose but that their migration from a southern land has occurred since, and 
that along a coast-line. It is true that Professor Forbes assigned the Miocene period as that of this migra- 
tion, but he appears to have overlooked the great severity of the intervening glacial climate. 

On these points compare, Forbes's " Flora and fauna of the British Isles," * Mem. Geol. Survey,' vol. i, p. 
336 et seq. ; Trimmer, * Quart. Journ. of Geol. Soc.,' vol ix, p. 13, 1853 ; Lyell, 'Ant. of Man,* ed. 1863, 
pp. 2/3 et 320; Croll, * Nat. Hist. Review,' No. xx, p. 594 ; and authors quoted by them.— W. A. S. 
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they feed, and are restricted in range to those districts where the food most fitted for 
them is to be found ; the only limit of the range of the carnivora is to be found in that of 
the animals upon which they prey.^ Thus, the tiger preys upon buflGaloes, deer, and the 
herbivores peculiar to each district, throughout the length and breadth of India. On the 
shores of the Sea of Aral it is the scourge of the horses of the nomad Tartars, and in the 
district of the Altai it preys upon the wild boars, and further north upon the reindeer ; and 
yet specifically it is the same, the markings on the skin of that of the Aral being of the 
same character as that of India.' The fox is another example of the same kind, ranging 
throughout the old and new worlds, and yet not divisible into species. The wolf, also, 
and the panther, already quoted, are instances of the same kind. The fact, therefore, of 
the spelaean lion and hysena having Uved in a climate in the Pleistocene far differing 
firom that in which they now live cannot be quoted in favour of the recent and the fossil 
belonging to distinct species. The remains of Hyana igpekea are found in vast numbers 
in Britain, France, and Germany ; those of F, spelaa being more sparingly found ; and 
those of wolveriue being abundant in the caverns of Liege and Gailenreuth, and absent 
from France, and met with but in three caves in Britain. Neither of the two former 
species have, as yet, been discovered in Russia or in the high northern latitudes of Europe 
and Asia, where there are such vast stores of fossil remains. 

^12. Relation of Pleistocene to Prehistoric mammals^ and those now living in Britain. 
—The following table of British genera and species of land mammalia, from the Pleisto- 
cene downwards to the present day, shows at a glance the close relation existing between 
them ; and it shows, moreover, by the gradual elimination of the Arctic group of mammalia, 
that the increase in temperature from the Pleistocene to the present day has been gradual : 



Genenu 


Pleistocene species. 


Prehistoric species. 


Species now living in 
Britain. 


Castor, lAn. 


fiber, Lm. 
trogontherium, FUeh. 


fiber, Idn. 




Mas, Lin, 


musculus, Lin. 


muBColua, Lin. 


mascalas, Lin. 
measorius, Sh. 








ayhaticus, Lin. 
rattus, Lin. 
decamanuB, Pall. 


Arvicola, Lac. = HypudseuB, 


amphibia, Desm. 


amphibia, Desm. 


amphibia, Desm, 


///. 


agrestis, Flem. 


agrestis, Flem. 


agreatis, Flem. 




pratensis, Bell. 


pratenais. Bell, 


pratenais, Bell. 


Spermophilus, Fred. Cuv. 


citillus, Pall. 
erytbrogeDoidea, Falc. 






Sciaras, lAn, 






vulgaris, Lin. 


Myoxos, Zimm. 






avelianarios, Deem, 



^ See M. de Serres, "Sur rOrigine des Animaux et des Veg^tauz," 'Revue du Midi,' torn, ii, 
V livraison. 

^ See preceding note on Felis ejoelaa. 

9 



Generi. 


PleijlooenE apeciei. 


Pithirtoric ipede.. 


Siwdei tMw Uvins in 

BrittiB. 


Lagomys, Getffr. 


speleeuB, Owen. 






LepiiB.i«. 


timidus, Erxl. 


timiduB, Erxl. 


timidna, Erxl. 




cuniculuB, Pall. 


cuniculua, Palt, 


ouniculuB, Pall. 
variabiliB, Pall. 


LemmoB, Link. 


lemmuB, Link. 






Eleptiaa, Lin. 


primigeniue, Blum. 
antiquuB, Fale. 
priacuB, Gold. 
meridionalis, Netti. 








tichorbinus, Cuv. 
leptorbinUB, Owtn. 
megarhinuB, Chnt. 
Etrudcus, Falc. 






Eqnua, Liji. 


foBsilis, Owen, 


caballoa, Lin. 


= caballuB, Lin. 


Su8, Lin. 


icrofa, Lin. 


Bcrofa, Lin. 


scrofa, Lin. 




major, Desm. 






Bison, Qetn. 


priscUB, Otoen. 


T 




Bob, C». 


primigenius, Boj. 


= UroB, Ca». 


= ? tauniB, £111. 






longifrons, Owen. 


= ? tanrUB, Lin. 


OviboB, BlatH. 


moscbaluB, Beim. 






Capra, Itn. 




hircui, Gm. 


hircua, Gm. 






regagruB, Gm. 


BgagrUB, Gm. 


Oris, Lin. 




ariea. Lin. 


arieB, Lin. 


CerruB, Lin. 


elaphus. Lin. 


elaphuB, Lin. 


elapbuB, Lin. 






capreoluB, Lin. 


capreoluB, Lin. 












dicranioB, Ne^ti. 




dama, Lin. 


AlcM, {Cat.), Lin. 


malcbia. Gray. 


matcbis, Gray. 




Megaceroa, //«rt. 


HibernicuB, Omen. 


Hibernicua, Owen. 






iatidenfl, Owen. 






Felis. Un. 


apdiea. Gold. 
antiqna, Ouv. 








catiiB, Lin. 


catuB, Lin. 


cat us, Lin. 


Hysena, Briw. 


spelfca Gold. 






Canis, liM. 


lupuB, Lin. 
vuipes, Lin. 


lupus, Lin. 






vuipes, Lin. 


vuipes, Lin. 






famiiiariB, Lin. 


familiaria, Lin. 


Lutra, EtxI. 


valgaris EtxI. 


vulgariB, Erxl. 


vulgaris, Erxl. 


MustclB, Lin. 


martcs, Lin. 


raartes, Lin. 


martes, Lin. 




patorius, Lin. 


putoriuB, Lin. 


putoriUH, Lin. 




erminea, Lin. 


erminea, Lin. 


erminea, Lin. 
vulgaris, Lin. 


Melea, Lin. 


taina, Lin. 


tazuB, Lin. 


taxuB, Lin. 


Oulo, 8<orr. 


luBCDB, Sabine. 






UrauB, £m. 


spelieuB, Gold. 








Arctos, Lin. 


Arctos, Lin. 




Talpa, Lin. 


Europtea, Lin. 


Europea, Lin. 


EuropKa, Lin. 


Sorex, £iR. 


vulgaris, Lia. 

moaehatus. Pall. 
? t 
T 1 


Tulgaria, Lin. 


vulgaris, Lin. 

fodiens, Pall. 
reinifer, GeoJ^. 


Vespertilio, Lin. 






myBtacinuB, Leist. 
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Order-CABNIVOBA. 

Family— FELIDiE. 

Genua — ^Felis. 

Species — Felis apelaa, Goldfuss. 

CHAPTER I. 

Felia apelaa— Lower jaw, PI. I, figs. 1, 2, 8 ; PI. VI/ 1, 2. 

A COMPARISON of the jaws of large Feles from the caves and river-deposits, one with 
the other, and with those of the existing species nearest them in size, shows us most 
distinctly that, while there are some fossil jaws which, in form and size, are absolutely 
indistinguishable from those of the lion, others, which are generally considerably superior 
to them in some of their dimensions, qffer characteristics which appear to prove that 
they are so closely allied to those of that animal that the differences between them probably 
do not amount to more than extreme variety, while they essentially depart by the same 
characters from those of the tiger. 

If a large series of lower jaws of recent lions and tigers be compared together we 
find that, while the individual differences are great, resulting possibly from difference of sex, 
food, climate, and the like, there is one test of specific value by which the one can be 
distinguished from the other. In the lion the inferior border of the ramus bears a slight 

^ Unfortunately we have been unable, from want of time, to publisb tbe Plates and descriptions of the 
bones of FelU apelaa in the order that they should naturally appear. We trust that this may be rectified 
in future monographs. 

1 
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process immediately beneath the last molar, which is developed to a different degree in 
different individuals ; in some it causes the outline of the inferior border of the lower 
jaw to present a regular rounded, convex outline, nearly straight from sjrmphysis to 
angle, while in others it reaches a maximum of development, so that the jaw approaches 
the doubly arched appearance so manifest in the figures PL I, figs. I, 2. In tiie 
tiger, on the other hand, the inferior border of the lower ramus is straight, or rather 
concave in outline, from the symphysis backwards, the only exception out of the large 
number of tigrine skulls in the museums of Oxford and London being that afforded by 
one in the Hunterian collection, killed in India, and presented by General Hardwicke, in 
which there is the faintest possible approximation to the leonine contour. 

In this point the rami of Felis spelcea agree most remarkably with those of Felis leo^ 
and, as far as the larger specimens are concerned, present us with the maximum 
development of this ''ramal"^ process, as it may be called (a of figs. 1, 2, PL I). In 
these large specimens it is far more strongly marked than in any recent varieties of 
Felis leo ; but, as the latter present great variations in this respect, we cannot consider 
the stout proportions which the former exhibit a proof of specific difference. 

The smaller jaws above referred to (figs. 1, 2, PL VI) do not present a greater 
development of the " ramal " process than ordinary specimens of the lion ; being in this 
respect, as in all others, indistinguishable from that animal. In the leopard, both of 
Africa and of India, the inferior outline of the lower jaws resembles that of the lion ; but 
that of the jaguar {Felis oncd) is straight or slightly concave, like the tiger. 

In both the large and small varieties the height of the condyle above the angle 
coincides remarkably with that of the lion, but differs in the tiger ; this dimension being 
in the latter greater, both proportionally and absolutely. The proportion of length to 
maximum depth of the condyle varies in different individuals ; but in the few instances 
we have seen, both large and small varieties have this part proportionally somewhat 
stouter than in the recent species (PI. I, figs. 1, 2, 3, b; PI. VI, figs. 1, 2, b). 

Baron Cuvier considers that the gradual ascent of the coronoid process from the 
alveolar border of FcUb- sjjelcea is one point of difference between that animal and the 
living lion. We cannot see that in this point any difference exists between the fossil and 
recent species. The coronoid process rises more gently from the alveolar border in the 
lions that we have examined than in the tigers, but the difference is very slight. 

The apparently sharper angle at which this process rises from the alveolar border in 
the lion we find to be caused by the form of the anterior portion of the ramus in 
that animal, which tapers slightly forwards through the length of the molar series, while 
in Felis spelcea the alveolar and lower borders are nearly parallel (PI. I, figs. 1, 3, c d, ae). 
The angle in both forms, F. spel(jea and F. leo, is in reality as near as possible identical, 
when measured with the alveolar border c d produced backwards, i, e. about 30^ in each 
case. But when the angle is measured from the lower border of the ranuis a b, it is about 
40° in the lion and 30° in Felis spelcea. This angle, however, is variable, and therefore 
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not to be trusted to as a specific character. Another point appears to desire more 
attention ; it is that in JPelis spelaa the coronoid process projects backwards far more 
beyond the neck of the condyle (PL I, fig. 1 , f) than in the lion or tiger ; in the former 
animal this excess of projection amounting to nearly an inch, while in the tiger it is 
barely perceptible ; and, as far as we have measured, it does not exceed half an inch 
in the lion. The different appearance this gives to the bone is very remarkable. The 
superior border of the coronoid process is a strong, smooth, externally rounded ridge, 
somewhat stronger than that of the lion or tiger, but almost totally destitute of the 
strongly marked ridges which are on this part of the bone iu those animals. 

The angle in the larger jaw resembles that of the lion, except that in the lateral aspect 
it forms one end of an arch (PI. I, figs. 1, 2, g), of which the ramal process {a) forms 
the other, whereas in the lion and in the small variety this aspect presents a slightly con- 
cave line (PI. VI, figs. 1, 2, g, a). In the adult tiger the angle descends far lower, and the 
arch above mentioned extends without interruption to the symphysis. 

The masseteroid ridge is perhaps proportionally somewhat thicker and stronger in the 
large jaws, and the upper external border of this portion is massive and rounded (PL I, 
fig. 1, h), instead of ending in a sharp and knotted ridge, as in the lion and tiger and 
smaller cave variety (PI. VI, fig. 1, h). The contour of the lower border of the anterior 
half of the ramus is precisely the same in the smaller cave jaws and the lion, as well as in 
the large fossil jaws ; but it is more concave in the tiger. 

The contour at the symphysis differs in the large form of Felis spelaa from that of 
either of the others. The angle formed by the front edge of the symphysis and the pro- 
duced plane of the lower border is much larger in Felis spelcea than in either Felis leo 
or the small cave specimens (PI. I, figs. 1, 2, k, e, a). This angle amounts to 70® in 
Felis spelaa, while it is 45° in the smaller fossil forms, and 40° only in the lion ; in the 
tiger it is 55°. This difference, though very striking to the eye, appears to be variable; 
it is probably of little, if any, specific value. 

The alveolar border is straight in all the forms (Pis. I, VI, figs. 1, 2, c, n). 

The mentary foramina are very variable in form and position (Pis. I, VI, fig. 1, i). In 
some of the fossil jaws they appear to be each divided so as to form four on each side ; 
we have seen an approach to this variation in recent specimens of both lion and tiger. 

We may observe here that the silky smooth surface, which is remarkable on the 
other more robust feline bones of the caves, is also observable on the larger jaws, while 
the smaller resemble in this respect those of the recent large Feles. 

The jaws we have principally used in our descriptions are from Bleadon and Sandford 
HiU. Of these, nearly perfect specimens of both varieties exist in the Taunton Museum, 
being a portion of the collection of Mr. Beard. There are also in the same collection 
many large fragments which confirm the description taken from the more perfect 
specimens. 

The fi:agments of lower jaw, showing the angle, condyle, and coronoid process (PL I, 



4 PLEISTOCENE MAMMALIA. 

fig. 8), which enables us to complete the illustration of the part missing fiK>m the Bleadon 
jaw was obtained from the brick-earth of Crayford, in the Thames Valley^ and is now in 
the possession of Dr. Spurrell, to whose kindness we are much indebted for the loan of 
the specimen. It was found in association with the tichorhine, leptorhine (Owen), and 
megarhine Rhinoceros, JEl^hoB antiquus and JE. pritni^eniua, horse, red deer, bison, &c. It 
probably belongs to the smaller variety. 

A reference to the table of dimensions will show that the measurement of this bone are 
not greater than those of the lion and tiger. 

A second specimen from the same locality gives the extent of the alveolar border 
occupied by the teeth at 320 inches, while PM3 = 0-73 X 0-41 X 0-39, PM4 =» 1-12 
X 0-56 X 0-66, and Mi =^ 115 X 051. 

A third mutilated ramus from the brick-earth at Ilford, in the possession of Mr. Brady, 
has a circumference anterior to premolar three of 4*90 inches. 

A jaw of the large form was found at Fisherton by Dr. Blackmore, and others exist in 
different parts of the country. 

Messrs. Scbmerling, Marcel de Serres, Dubrueil, and Jean- Jean describe under the name 
of Felts leo, and Messrs. Croizet and Jobert under the name of F. antiqua, various bones 
of large Feles found in the caves of Belgium and France, and in the Pleistocene deposits of 
the latter country, and consider them as distinct from Felis fpelaa. 

We have no doubt as to the correctness of the four first-named authors in their deter- 
mination of these bones as those of Felis leo, confirmed as it is by the remains of that 
animal in the Taunton Museum, from Sandford Hill and Bleadon. We have endeavoured 
to show, by oiur analysis of the jaws of Felis spelcea, that, as far as indications afforded by 
this part of the animal are concerned, the latter is simply an extreme variation of the 
former, and that the differences between it and the lion are not specific, or, in other words, 
greater than those that occur in recent varieties of the existing lion. 
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CHAPTER n. 

Felia apelaa — ^Fore-arm, PI. 11. 

1. Ulna, figs. 5, 6, 7, 8, 9. 

We have unfortunately been unable to procure the distal end of this bone. 

The smaller specimens correspond so exactly with those of the lion that we are unable 
to perceive any diflference, save a very slight diminution in size of the recent specimens, 
which, we believe, have been all, or nearly all prepared from animals which have lived 
most of their lives in cages. 

The larger, however, present some diflferences, which, we think, necessary to describe. 

The line drawn from the piroximal end of the humeral articulation to the summit of 
the olecranon forms a more acute angle with the axis of the bone in F. spelcea than in F. 
leo (figs. 5, 6, 7, 8, 9, a, b). 

The large humeral articulation (figs. 5, 6, 7, 8, 9, a, a') is precisely alike in both. 

The proximal radial articulation (c, &, figs. 5, 6, 8, 9) is more nearly at a right angle 
with the axis of the bone in F. spelaa than in F. leo, though it still forms an angle of 60^ 
that in F. leo being 50°. In F. spelaa the articulation is shallowest posteriorly, in F. leo 
anteriorly. 

The coronoidprocesscisstronglydeveloped,butnot more so proportionally than in the lion. 

The shaft of the bone appears, from the largest fragments we have met with, to have 
been straighter and deeper, in proportion to the thickness in the larger, than the smaller form. 

But the most marked difference to the eye is shown by the comparison of figs. 6 and 
9, which show the extremes of the variation (fig. 8 being a somewhat intermediate form). 
It will be seen that in fig. 6 a strong ridge nms parallel to the back of the bone on the 
outer or radial surface (figs. 6, 8, 9, d, d'), forming a broad shallow groove which extends 
downwards as far as the specimens we have seen allow us to observe. It will be seen 
that this ridge terminates or dies away in fig. 9 a little below the radial articulation (fig. 
9, d) i in the recent specimens of the lion it is still less visible. 

As, however, the length and prominence of the ridge appears to vary precisely as the 
size of the specimens, and we have examined above twenty, we cannot look upon 
it as a characteristic difference. Generally speaking, the surface of the bone in the 
larger specimens appear to present well-defined ridges with rounded contours, and smooth 
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shallow grooves between; while the smaller and more strictly leooine forms present more 
angular and less defined ridges, and the grooves between appear to be more cut up by 
small irregular supplementaiy ridges. 

■ Fragments of this bone are very numerous in collections of Somerset bones from the 
caves of Hutton, Bleadou, Sandford Hill, and Wookey Hysena-'den, specimens of both 
varieties having occurred in all. The largest niunber we know of together is in the 
Tamiton Museum, from the collections of Messrs. Wilhams and Beard. 

The only bone of the Pleistocene deposits that is likely to be mistaken for this is the 
same bone of the bear. The latter is, however, much straighter, and never has the broad 
external groove of the shaft described above. But the most marked distinction is in the 
proximal radial articulation, which in F. speltsa, as in all the Feles, invariably forms an 
acute angle with the axis of the bone, while in the bears it is at right angles. The form of 
the olecranon is also somewhat difierent, but its irregular form can be more easily recog- 
nised by a comparison of the plates of the bones than from the most elaborate description. 

There is a figure of this bone belonging to the smaller variety in Schmerling's 'Oss.foss. 
de Liege,' vol. 3, pi. xix, fig. 1, and a very characteristic one figured by Marcel de Serres, 
&c. * Oss. foss. de Lunel-VieL/ pi. viii, fig. 3. 



Meascbkuents op Ulna. 
(In Inches.) 



Appa- 
rcnlijtbe 



Length, extreme 

Depth just below radial articu- 
lation, proiimal 

Thick neiB (trantverse) at aame 
point 

Circumference at snrae point 

Minimum circumference 

Humeral articulation, vertical 

(«"■') 

Tranaverse humeral articulation... 
Radial articulation pro- (anterior 

sitnal, vertical |poiterior 

Ditto ditto ditto, tranaverte... 
Ditto distal articulation, vertical 
Ditto ditto ditto, transverse.., 

CarpHl articulation, vertical 

Ditto ditto, transverse ... 

Prom radial to carpal articulalion, 

both incluBive 



175 

1-87 
0-C2 

1-37 
05 
0-62 



* For thcM metauremenU we are indebted to Mr. Charles Robertion, tbe able DemoDstratw of 
Anatomy at Oxford. 
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2. Radius, PL II, figs. 1, 2, 3, 4. 

llie general form of this bone is like that of many other camivora ; the lower half is 
straight, while the upper is bent gently backwards in a slight curve ; immediately below 
the proximal epiphysis it is bent sharply forwards, so that the humeral articulation which. 
terminates the bone is set at an angle of about 70^ to the axis of the bone (figs. 1, 
2, 4, a). 

The section of the bone at the distal epiphysis is nearly triangular, with the outer 
surface convex, while the inner is nearly flat or slightly concave, and the posterior deeply so. 
This section gradually passes into one which is a flat oval, rather wider on the after edge» 
The tuberosities (figs. 1, 4, c) give the bone, where they occur, a triangular section, the 
oval recurring just below the proximal epiphysis. 

The humeral articulation is roughly oval (figs. 1, 2, 4, a), being produced into a blunt 
point on the anterior edge (figs. 1,2,^). It is concave with the exception of the anterior 
edge, where it is vertically convex. There is a slight eminence on the external edge (figs* 
1, 2, 4,/) which falls gradually away into the concavity of the articulation. 

The proximal ulnar articulation commences just under this eminence (figs. 1, 2, 4,/), 
and is continued posteriorly round three fourths of the head of the bone to the anterior 
point (figs. 1, 2, 4, e), where it is deepest. 

The distal ulnar articulation extends nearly the whole width of the bone, and forms a 
slightly concave oval, wider transversely than vertically, on the upper posterior edge of the 
distal epiphysis (fig. 3, y, where the edge alone is shown). This is set at an angle of 45® 
to the axis of the bone. 

The carpal articulation (fig. 3) is roughly trapezoidal in form. The inner or ulnar 
edge of the articulation is bounded by a semicircular arc,- and the surface is concave, the 
outer boundary is convex, and the inner is straight when viewed from below, while on 
the lateral aspect it is boldly curved vertically. The anterior edge of the styloid process 
is nearly semicircular ; the surface of this part of the articulation is concave vertically, 
following the under surface of the styloid process, while it is convex transversely. 

The styloid process (i, i, figs. 1, 3) is set slightly and obliquely inwards, while the 
process on the upper anterior edge of the epiphysis is set nearly in the plane of the greatest 
depth of the bone. 

Some of these bones from the Somerset caves are, as far as considerable fragments 
allow us to judge, indistinguishable from those of the lion (fig. 4). Others, of which we 
figure one perfect specimen, are, as Cuvier remarks, generally far stouter in proportion to 
their length (figs. 1, 2, 3). 

The only differences in form which we can discover in this or in numerous fragments 
that we have examined appear to be due to this excess in stoutness alone, and can hardly 
be regarded as of specific importance. 
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All the specimeDs chat we have seen are from the caves of Bleadon, Sandford Hill, 
and Hutton, and are in the Taunton Museum. 

This bone may be distinguished from that of the bear by the greater prominence of 
the eminence of the humeral articulation in the latter animal (figs. 1, 2, 4, /). This 
articulation is more circular in Felis than in Ursus. In the bear the ulnar proximal 
articulation is less pronounced and more rounded vertically ; the tuberosities below this 
articulation are far smaller, and the bone is altogether more angular in section, more 
slender and flatter ; the distal ulnar articulation is set nearly parallel to the axis of the 
bone on a small process. In the carpal articulation the strong upward curve on the 
internal edge altogether disappears, and the articulation is much less concave. 

Schmerling, in his * Oss. foss. de Liege/ gives good rough figures of this bone, both 
of the large variety (vol. ii, pL xv, fig. 3) and of the smaller vnth the ulna (pi. xix, fig. 1). 



hsasurembnts of 
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articulation 
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CHAPTER III. 
Felia spelcaa — Os innominatum, PL III, fig. 1 . 

We have met with but four specimens of this bone from the British Pleistocene 
deposits^ all more or less imperfect. Of these, three were obtained by Messrs. Williams 
and Beard out of the bone-caverns of the Mendip Hills, and are preserved in the Taunton 
Museum, while the fourth and largest, which we figure, is derived from the brick-earth on 
the south side of the Thames Valley, at Slade Green, near Erith, in Kent, and is in the 
national collection. It consists of the ilium and ischium, tolerably perfect, and a portion 
of the OS pubis of the left side. 

The ilium may be described as resembling the blade of an oar in form, slightly con- 
cave on the external, and nearly flat on the internal or sacral surface ; the parts answering 
to the crest (fig. 1, a, a) and spinous processes (i, h\ h") forming the strong rounded 
and raised border of the blade. The external surface is traversed by a longitudinal ridge 
(c, cO that strengthens the attachments of the glutei muscles. This ridge is very slightly 
developed in the specimens from the Mendip caverns, while in that figured it reaches a 
maximum development. The symphysis of the sacrum extends slightly along the upper 
edge of the shaft or body, and takes the form of a small spine or process at b. This 
shaft or body (c, d) is massive, and of great strength, flattened internally and rounded 
externally, and ending inferiorily in a sharp free edge {d). The anterior inferior spinous 
process (e) varies in form and size in the different individuals, but bears a general 
resemblance to that of the lion. 

The portion (/) of the os innominatum that composes the apex of the sacro-ischiatic 
arch immediately above the acetabulum is convex and rounded, and without any ridge. 
It forms the connection between the shafts of the ilium and ischium. That of the latter 
(y, /^) is prismatic in form, tapering posteriorly and expanding downwards and transversely 
into a broad triangular blade, the anterior edge of which forms the posterior boundary (/) 
of the pubic arch. The ischial spine {k) is a small pyramidal process immediately above 
the posterior edge of the acetabulum. 
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The shaft of the pubis [l^ m) is convex externally and flat internally, and in some of 
the fossil specimens is proportionally more massive than in those of the lion and tiger, 
with which they have been compared. The acetabulum is proportionally larger, arid the 
cotyloid notch {n) shorter in the spelaean than in the recent lion. 

With these two exceptions, a close comparison of the spelaean ossa innominata with 
those of the recent large camivora proves that the. only difference between the pelvis of 
F. spelaa and -PI leo and F. tigris is one of merely size. We are unable to detect any 
specific differences between the pelves of the two latter animals. 

We have given a figure (fig. 2) of the pelvis of F. tigris in the British Museum, three 
fourths of the natural size, to show the far greater size of that of the Felia spelaa. 
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CHAPTER IV. 

Felis yjelaa — Tarsus, PI. IV. 
Astragalus, fig. 1. 

The astragalus of Felis apelaa is precisely like that of the lion and tiger in form, but, 
with the exceptions of certain specimens which we shall notice, is much superior in 
size to those of either of the latter two animals we have met with. 

The tibial or proximal articulation (fig. 1, a, a') is of the usual pulley-like form ; it is 
inclined to the antero-posterior diameter, at an angle of about 30° ; at the back of this 
are set the two articulations for the calcaneum, the outer being concave and somewhat 
broader at the top than the bottom, and this matches the great sigmoid articulation ; 
the other is subtriangular and matches the small lateral circular articulation (e of fig. 2) 
of the calcaneum. These three articulations are the surfaces of the head or proximal 
portion of the bone. 

This is connected with the navicular or distal articulation (fig. 1, b), by a short shaft 
or neck, as in all the other digitate camivora. 

This articulation is suboval in form, and bent vertically and diagonally, so that it is 
liighly convex, and matches well the deep concave articulation of the navicular bone. 

The only cave fossil that is likely to be taken for this bone is that of the bear. But 
the latter is easily distinguished by the extreme shortness of the neck or shaft joining the 
proximal and distal portions of the bone. The pulley-groove of the tibial articulation is 
«lso flatter in the bear, and on the inner posterior edge this articulation is terminated by 
9 sort of spur rising at right angles to the surface, which does not exist in the Feles. 

Among the many specimens of this bone that have occurred to us there are some in 
the Taunton collection which are much smaller than the rest, and very little exceed those 
of a, large lion in size. They do not, however, offer any other difference. 
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Measdrehents.' 









Felu tpeftea. 










■ 


No. 














Lion 
W. A. S. 


Lion 

112 L. 

Br. Mils. 


Tiger 

114 L. 

Br. Mus. 


Bleadon. 


Sandford 
HilL 


L. 1. 


1 R. 


2R. 


1 L. 


2L. 


1 


3-20 


3-17 


300 


2-80 


270 


3-20 


2-35 


2-25 


2-51 


2 


4-20 


4-25 


3-62 


314 


2-25 


375 


310 


305 


3-40 


3 


1-86 


1-82 


rei 


1-49 


1-42 


1-62 


109 


101 


1-22 


4 


3-33 


3-33 


3-68 


279 


2-45 


315 


2-30 


209 


2-22 


5 


1-70 


1-68 


1-46 


r3i 


1-31 


1-40 


1-50 


1-40 


0-94 


6 


1-30 


1-28 
>th specir 


1-26 

nens in tl 


100 


1-02 


200 

the small 


0-90 


110 


1-27 


The 


4th and £ 


le above list are of 


variety alrave mentioned. 



The specimen figured is the first in the above Kst of measurements. It is with many 
others in the Taunton collection, from Bleadon cavern. Others have occurred to us from 
Sandford Hill and Oreston, 



Calcaneum, fig. 2. 

The general form of the calcaneum of Felis spelaa, like that of all the Feles, and of 
most, if not all, the digitate camivora, is nearly straight from the bulb which forms the 
attachment of the tendo Achillis (fig. 2, a) to the cuboidal articulation (fig. 2, b). From 
this bulb the bone slightly increases in size to the upper part of the outer astragaline 
articulation, at which point is the maximum vertical measurement (fig. 2 c'). 

The posterior boundary is generally a gentle convex sweep through the whole length 
of the bone ; in some specimens this becomes nearly straight or even very slightly concave 
as it approaches the bulb for the tendo Achillis. The outer astragaline articulation (fig. 2, 
c, &) is a broad sigraoidal surface, bent backwards vertically on itself. Near the level of 
the middle of this surface a stout process rises laterally, at right angles to the body of 
the bone (fig. 2, c?, e), and supports at an angle of about 30° to the axis, a nearly circular 
surface, which is the inner astragaline articulation (fig. 2, e). In the form of this articula- 
tion it resembles the lion, that of the tiger being transversely oval. The mass of bone 
which connects these vrith the cuboidal articulation is nearly cubical in form, and has on 
the external surface the prolongation of the cuboidal groove for the tendon of the peroneua 

' In this, as in all caaes throughoat these monographs, when the numhers alone are given, the measure- 
ments are — 1, extreme length; 2, minimum circumference; 3, virtual measurement at the proximal 
articulation ; 4, transverse ditto ditto ; 5, vertical measurement of distal articulation ; 6, transverse ditto 
ditto. 
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lonffU9 (fig. 2,/). The cuboidal articulation (fig. 2, b) terminating the bone distally 
at right angles to the axis forms a nearly circular surface, a portion of the circle being 
cut off by a chord, which forms the inner posterior boundary of the articulation. If this 
cord were slightly bent, it then would approximate very closely to the recent leonine form, 
which is nearly an oval. 

The attachment of the tendo AchiUis is formed by the process rising on the inner 
edge of the bone at right angles to the rounded terminal surface (fig. 2, y). In this it 
appears to differ slightly from that of the lion, for in that animal the groove formed by 
the two surfaces is replaced by a nearly fiat or slightly rounded surface at an angle 
of about 45^ to the axis. 

The only differences which we can observe between the corresponding bones of this 
animal and the tiger are that mentioned above, and the rounded or oval form of the 
cuboidal articulation in the former, while in the latter it forms a quarter circle. 

Among the large number of calcanea we have examined, we find three or four which 
do not appear to differ in any respect from those of Hon, with the exception of being 
very slightly larger, the difference of size in general being very great. That figured 
probably belonged to an aged animal, the outer portion of the bone being roughened 
by exostosis. 



Measurements of Calcaneum. 
(In Inches.) 



1. Total length 

2. Minimum circumference 

3. Maximum verticaJ measurement 

4. Maximum transverse ditto 

5. From inner articulation to the 

outer end of the bone, articu- 
lation included 

6. Sigmoidal articulation, transverse 

measurement 

7. Cuboidal articulation, transverse 

measurement 

8. Ditto ditto, vertical 

9. Inner astragaline articulation 

transverse 

10. Inner astragaline articulation, 
vertical 



FeUa spelaa. 



1* 



5-60 
473 
2-36 
2-38 



3-95 

0-92 

1-32 
117 



0-81 



074 



BleadoD. 



5-24 
4-24 
210 
206 



370 

0-82 

1-30 
113 



0-80 



070 



5-34 
4-30 
2-08 
210 



3-90 

0-82 

1-45 
1-26 

0-84 

072 



11 



5-00 
4'4U 
2-27 
1-97 



3-68 

0-85 

1-38 
1-15 



0-88 



074 



Sand- 

ford 

Hill. 

19 



501 
4-30 
1-82 
203 



377 

075 

1-30 
1*17 

079 

0-55 



Bleadon. 



12 



4-52 
3-90 
1-87 
1-80 



3-36 

074 

1-10 
0-95 

0-G8 

070 



13 



4-48 
370 
1-80 
170 



3-45 

072 

1-25 
0-93 

0-68 
0-57 



Lion. 



W.A.S. 



3-90 
3-30 
1-59 
1-67 



3-13 

0-(iO 

0-90 
102 

071 

0-67 



Br. 
Mus. 
112 L. 



Tiger. 



400 
315 
1-60 
1-45 



2-90 

0-55 

1-02 
0-82 

070 

0-69 



Br. 
Mus. 
114 L. 



4-30 
3-45 
177 
164 



274 

0-64 

0-92 
0-85 

073 

0-55 



The specimen figured is from Bleadon, and evidently belongs to the same individuals 
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as the cuboid, astragalus, &c., which we have figured ; it is at Taunton, with many others, 
from the collection of Mr. Beard. The adult bones are from Bleadon and Sandford Hill, 
and the same bone of young animals from Bleadon and Hutton. 



Naviculare, fig. 3. 

This bone, as its name denotes, is somewhat boat-shaped, the upper concave and 
nearly circular surface forming the articulation for the astragalus (fig. 3, a), and the two 
flat inferior surfaces, slightly inclined to each other (fig. 3, i, c), forming those for the 
ecto- and meso- cuneiforms (figs. 5, 6), while a slightly rounded surface on the inner 
side forms the proximal attachment for the endocuneiform (fig. 3, d). 

The hinder portion of the astragaUne articulation is curved sharply upwards^ and this 
portion is supported by a process (forming, as far as this bone is concerned, the upper 
border of the great tarsal groove for the peroneus lonffus), which is generally much 
sUghter in Felis spelaa than in lion or tiger, it being proportionately the largest in the 
latter of these three animals. This forms the only appreciable difference observable in 
this bone except size between them. 

It is distinguished from the corresponding bone of the bear by the somewhat greater 
thickness and by the greater development of the upward prolongation of the astragaline 
articulation, and also by the more decidedly circular form, as contrasted with the oblong 
and somewhat angular plan of that of the latter animal. 



Measurements. 





Felii ipekea. 


Lion, 
W. A. S. 


Lion, 

Br. Mus. 

112 L. 


Lioneu, 
Col. Surg. 


Tiger. 

Br. Mus. 

114 L. 


Tiger, 
Col. Snrg. 


Bleadon. 


1 

2 
3 
4 
5 
6 


075 
5-45 
1-24 
179 
1-33 
1-94 


0-66 
500 
1-20 
1-54 

1-27 
1-66 


0-66 

477 
115 
1-60 
1-26 
1-51 


0-65 
403 
0-98 
1-38 
1-02 
100 


0-63 
4-20 
0-91 
117 
102 

rio 


0-59 
3-.Q8 
0-90 
MO 
100 
091 


0-55 
4-90 
0-91 
1-25 
1-06 
1-00 


0-56 
4-35 
0-97 
1-20 
100 
0-83 



The bone figured is from Bleadon, and is at Taunton ; it probably belongs to the 
same animal as the astragalus, calcaneum, &c. ; but it is from the right paw, and for 
the sake of uniformity is reversed in the plate. Schmerling gives two good figures of this 
bone, showing the proximal and internal surfaces (' Oss. foss. de Liege,' t. ii, pi. xvii, 
fig. 4). 
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Cuboid, figs. 4, 4', 4". 

The general form of this bone is well expressed by the name, the bounding surfaces 
being roughly at right angles to each other ; the distal surface, however, being larger than 
the proximal. 

The outer and posterior or lower surfaces are traversed, diagonally and downwards, by 
a deep groove for the tendon of the peronem longm (figs. 4, 4', 4", i, 3) ; a continuation 
of the groove being formed on the outer and distal surface of the calcaneum in an upward: 
direction, and by the hook of the ectocuneiform and the process on the hinder part of the 
naviculare in the opposite and transverse direction. 

The proximal or calcaneal articulation (fig. 4, 4', c) is nearly flat and subcu*cular. 
The distal or metatarsal articulation (fig. 4, 4'", d) is concave, and may be described as 
an oval, the outer side being bent inwards so as slightly to resemble a B in outline, while 
that of the ectocuneiform is trapezoidal and nearly flat (fig. 4, 4', cl). 

The difierence in size is the only difference we can remark between this bone and that 
of the recent lions and tigers. In some specimens of tigers we have observed a dis- 
position in the tarsal articulations generally to separate up into small surfaces, whereas 
in the lion and Felu 9pelaa they appear to coalesce to a greater extent, and this is 
especially the case in the cuboid. 



Measurements. 



1 

1 


FeUi apelaa, Bleadon, 


Lion 


Lion, Br. Museum, 


Lion, 


Tiger. 




Taunton. 


W. A. S. 


112 L. 


Col. Snrg. 
105 


Br. Mu8., 114L. 


1 


1-39 


104 


100 


rio 


2 


4-22 


300 


3-25 


3-80 


3-27 


3 


1-36 


070 


0g6 


0-90 


0-90 


4 


1*36 


1-00 


0-61 


0-68 


078 


a 


1-20 


100 


0-81 


0-82 


076 


6 

1 


1-24 


0-98 


0-86 


0-82 


0-94 



The only specimen we know of is from Bleadon. It evidently belongs to the same 
individual as the calcaneum and several other bones of the tarsus, which we have figured. 
Schmerling gives rough figures of this bone, apparently taken from an imperfect speci- 
men. They appear to be the external and posterior views, but one of them is reversed in 
position (* Oss. foss. de Liege,' t. ii, pi. xvii, fig. 5). 



16 



PLEISTOCENE MAMMALU. 



Ectocuneifonn, figs. 5, 5^ 

This bone has a wedge-shaped body, the superior surface (fig. 5) forming the head of 
the wedge, and the inferior or plantar the vertical edge. The flat navicular proximal (figs. 
S, 5^ a) and slightly concave distal metatarsal (figs. 5, 5', b) articulations are both nearly 
isosceles triangles. From the inferior surface of the bone a very stout hook-shaped process 
is developed (fig. 5' c), that advances forwards to terminate in a rounded boss. This 
hamular process affords attachment to the plantar ligaments that extend to the cuboid and 
meso- and ectocuneiform, and to the tibialis posticus and Jlexor poUicis muscles. In all 
the British specimens of the bone that we have seen, the hamular process advances forward 
within a short distance, from 0*10 to 0*20 inch of the plane of the distal surface, and in 
no instance as far as the distal plane. This also is borne out by the examples from the 
ciave of Gailenreuth, in the collection of the Earl of Enniskillen, F.R.S., to whose 
courtesy we are indebted for the examination of his museum. 

A large series of ectocuneiforms belonging to lions and tigers, in the museums of 
London and Oxford, shows, as one might naturally expect, considerable variations in the 
development of the hamular process ; and while we find many ectocuneiforms of lion that 
cannot, in this or any other respect, be differentiated from those of tiger, yet, on the whole, 
it has a smaller distal extension in the former than in the latter (fig. 5"', c). The maxi- 
mum distal extension is seen in the specimen of tiger in the British Museum figured 
fig. 5% c, in which it extends as far down as the plane of the distal articulation. We 
must admit, therefore, that while the development of the hamular process in the ecto- 
cuneiform of Felts spelaa is no absolute test of leonine or tigrine aflinities, yet that it 
points rather in the direction of the former than the latter. 

Measurements. 





Telit ipelaa. 


Lion. 


Tiger. 


Bleadon. 


Sandford 
Hill. 


Col. Surg. 


Br. Mu8. 
112 L. 


TT. A. 5. 


Br. Mas. 
lUL. 


CoU Surg. 


1 

2 
3 
4 
5 
6 


0-83 
3-95 
1-05 
1-05 
1-08 
1-36 


0-81 
3-52 
0-87 
1-02 
0-98 
M9 


0-96 
400 
100 
104 
104 
1-45 


0-64 
277 
0-82 
0-98 
0-85 
100 


0-70 
2-90 
0-62 
0-95 
0-80 
1-03 


0-70 
3-10 
0-90 
0-93 
0-93 
111 


0-80 
3-25 
070 
0-94 
0-90 
115 


074 
3-05 
0-80 
112 
0-80 
114 



The specimen figured is the first in the list of measurements, reversed in order to get 
the most perfect representation on the same side as the rest of the tarsus. 
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The three specimens measured formed part of the collection of Mr. Beard^ and are 
now at Taunton. There is a good rough figure of the distal articulation of this bone in 
Schmerling (* Oss. foss. de Liege/ t. ii, pi. xvii, fig. 6). 



Mesocuneiform, fig. 6. 

This small bone has the proximal and distal articulations slightly inclined to each 
other, and wider apart internally than externally. The proximal or navicular articula- 
tion is roughly oval, but slightly pointed anteriorly, and is slightly concave transversely 
and convex vertically, while the metatarsal or distal is wider anteriorly than posteriorly, 
and is very slightly concave vertically. 

The inclination of the articulations one to the other, and other minute points in the form 
of the bone^ appear to difier in different individuals of lion and tiger; consequently the slight 
difference we observe between the only specimen we know of this bone in Felis spelaa 
and the above two animals is probably not of specific value. Generally speaking, however, 
it appears to be a shorter and thicker bone altogether in the fossil than in either of the 
recent large species. 

It may be easily distinguished from the corresponding bone in the bear by the greater 
squareness and angularity of the anterior or upper face of the bone in that animal, as con- 
trasted with the rounded and oval form in Felis spelaa. 

Both distal and proximal articulations in the bear are also much more concave, and the 
articulation for the endocuneiform is well developed, whereas scarcely a trace of it exists in 
Felia apeUea. 

Measurements. 





Felit ipekBttf 
Bleadon, Taunton CoL 


Lion. 


Tiger. 


Br. Mus. 
112 L. 


Col. 
Surg. 


Br. Mu«. 
114 L. 


Col. 
Surg. 


1 

2 
3 
4 
5 

6 


0-55 
2-90 
0-54 
0-91 
0-50 
102 


0-39 
210 
0-40 
0-66 
0-46 
072 


0-35 
1-89 
0-35 
070 
0-42 
0-65 


0-61 
2-00 
0-43 
0-68 
0-54 
0-69 


0-51 
2-40 
0-42 
0-68 
0-52 
079 



The specimen figured is from Bleadon, and probably belonged to the same individual 
as the astragalus, calcaneum, naviculare, and cuboid, which we have figured. It is at 
Taunton. We know of no other figiure of this bone. 
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EDcloc\ineifonn, fig. 7. 

It is with considerable hesitation that we f^ive a figure of this bone. The general knu 
and surface resemble the same bone in the lion and tiger, but there are difTerences whicb 
make us doubtful whether we have assigned the bone its right pUce. It has lost the 
proximal epiphysis. If this is restored as a feline endocuneiform (fig. 7, a), it would then 
be very similar to the same bone in lion and tiger ; but the anterior portion of the distal 
articulation points downwards in an acute angle, whereas in lion it points nearly directly 
forwards in a right angle. 

The articulation also is slightly convex in our bone, whereas it U slightly concave in 
that of the lion. Unfortunately, the coiTcsponding articulation of metatarsal 1 is broken 
in the only specimen we know of, so that we cannot say whether this bone showed a 
corresponding variation in form. Wc think, however, that attention should be drawn to 
the bone, in the hope that some one, more fortunate than ourselves, may discover a perfect 
specimen, and decide whether we are right or wrong in our determination. 

The only specimen we have being imperfect, we give no measurements. It is from 
fileadon, and is in the Taunton Museum. 

We know of no other figure of this bone. 
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CHAPTER V. 



Hind Paw, PL V. 

The metatarsals of the camivora are so well known, and so much resemble each other in 
the digitate forms, that comparative anatomists are generally content to refer to the figures 
of those bones rather than to attempt to discriminate them by descriptions, which must all 
very closely resemble each other. If we attempt the course which, in nearly all other 
portions of the skeleton, is held to be absolutely requisite, it is with the view of doing 
what we can to render the descriptive portion of our work as perfect as we can, rather 
than to trust to bare figures. 

Metatarsal 1, fig. 1. 

It is well known that the first metatarsal of the genus Felis is rudimentary. In fact, 
it would be difficult for one not acquainted with the bone in question to recognise it as a 
metatarsal at all. 

In Feli8 speliea it is a small wedge-shaped bone, the wedge thinning off anteriorly 
to an edge, and distally to a blunt point. The internal surface is slightly rounded ; but 
the external is flat, and the posterior is irregular. The articulation for the endocuneiform 
is slightly concave transversely and convex vertically; and, as we suppose, from the 
corresponding bone in the lion, it would be famished with a small hook-shaped process 
on the external^ and posterior edge. This part is mutilated in our only specimen (fig. 1, 
a). In other respects it does not differ appreciably from that of the lion, except that in 
that animal the articulation is flatter. 

The specimen figured is from Bleadon, and is in the Taunton collection, and is reversed 
from the left paw. 

We have to repeat what we have written respecting other specimens of various 

^ Internal and external, in these descriptions, are invariably used in reference to the position of the 
whole limb in the skeleton, and not to the position of tlie bone ai to the joint. 
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parts of large Feles from the Somerset caves, that there occur metatarsals which, both in 
size and form, so exactly resemble those of the recent lion, that they cannot be distin- 
guished from them. (We have observed, however, a tendency in those of the tiger to a 
greater proportional development in the antero-posterior direction of the proximal artica- 
lation, which appears generally to distinguish the metatarsals of that animal from the 
other two large feline animals.) But in all the Pleistocene deposits there occur, 
but not numerously, except in the Somerset caves, bones of larger size. The set which 
we have figured evidently belonged to the same animal, though metatarsal 3 is reversed 
from the left paw. They were found by Mr. Beard, with many other parts of the same 
skeleton, in Sandford Hill Cave, in the Mendip, and are now in the Taunton collection. 
Some larger specimens from Crayford, in the valley of the Thames, are figured in PI. 
VIJI. They belong to Dr. Spurrel, and are nearly, if not quite, equal to the largest 
German specimens. They differ from those we have figured in PL V by having the 
distal articulations comparatively much smaller, as well as by their tapering more and 
being more bent. We have observed similar variations in some of the cave specimens, as 
well as in the metatarsals of recent lions and tigers. 

Metatarsal 2, fig. 2. 

The shaft of the second metatarsal is somewhat triangular in section, the sides being 
flatter towards the proximal and becoming more convex towards the distal articulation^ 
so that the bone then becomes almost cylindrical. The shaft is slightly curved backwards, 
the outer boundary, or that facing metatarsal 3, being nearly straight, and the inner, or 
that facing metatarsal 1 , being curved slightly inwards, so that the bone appears to bend 
slightly in that direction. 

The proximal articulation for the mesocuneifomi (fig. 2, a, b) is nearly at right angles 
to the axis of the bone. It forms a roughly triangular surface, of slightly double curvature 
from front to back, where it ends in a small spur, curving sharply upwards (^, fig. 2). 
The surface is concave, in a transverse direction. 

The point of contact with metatarsal 1 can hardly be called an articulation ; it is 
slightly smoothed, and is supported by a small process (c, fig. 2), a short distance below 
the proximal articulation, on the inner front edge of the bone. 

The ectocuneiform articulations, together with those for the third metatarsal, form two 
very slightly concave oval surfaces at right angles to the proximal articulation, and con- 
tinuous in direction with the outer surface of the bone. Each of these surfaces is divided 
by an horizontal ridge, very slightly marked ; the upper part of each belongs to the ecto- 
cuneiform, the lower to the third metatarsal. The anterior edge of the anterior of these is 
bent outwards, so that the front of the bone presents the angular projection (fig. 2, d, e), 
and when the metatarsals are applied to each other the point d rests on the point 
a (fig. 3). 
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The distal or phalangeal articulation is, unfortunately, mutilated in all the specimens 
of this bone that we have seen ; but it probably resembles that of the lion, excepting that 
the lateral development of the internal process (^, fig. 3) appears to be much less in the 
large cave form than in the recent. It probably, like that of the lion, had the outer surface 
of the bulb much flatter and more deeply indented than in the other metatarsals. 

Metatarsal 8, fig. 8 ; and PI. VIII. 

The shaft of this bone is cylindrical, slightly flattened on the front surface ; it is very 
slightly bent backwards, and expands slightly laterally at the distal epiphysis. The proxi- 
mal or ectocuneiform articulation is very flat (fig. 8, a, b), and inclined at an angle of about 
60^ to the axis of the bone downwards and inwardly, being at right angles to the front 
surface. It is bounded anteriorly by the curved front edge of the bone, inwardly by a 
waved line, posteriorly by a very small spur, rising from the surface (fig. 8, c), and exter- 
nally by a waved line like the internal boundary, but set at a right angle to the front, 
while the internal is at an acute angle with the same. The articulations for metatarsal 2 
are the small polished heads of two small eminences, corresponding with the summit of 
the internal waves above mentioned ; while those for metatarsal 4 are two larger oval sur- 
faces, on the opposite side of the bone, the anterior lining the surface of a hollow facing 
diagonally backwards and downwards, the anterior edge of which forms the boundary 
of the front external expansion of the proximal extremity of the bone (fig. 3, b, d), while 
the posterior articulation is a flat surface, facing directly outwards and upwards. This, 
with the posterior articulation for metatarsal 2, and the posterior portion of the proximal 
articulation, are supported by a large process, the lower part of which gradually slopes 
into the body of the bone. 

The bulb-shaped phalangeal or distal articulation is proportionally wider than that of 
the recent lion, but is in other respects precisely similar. 



Metatarsal 4, fig. 4. 

This bone is somewhat more bent than metatarsal 3, and the section is somewhat more 
angular, giving a square section just below the proximal epiphysis. It is rather more 
bent backwards than metatarsal 3, and in the slightest degree outwards. The proximal 
or cuboidal articulation (fig. 4, a) is rhomboidal and convex, both in transverse and 
vertical directions, and is bounded posteriorly by a shallow groove and small spur. 

Of the internal articulations for metatarsal 3, the anterior (fig. 4, 3) is a convex surface 
passing into a concave towards the ridge which separates it from the cuboidal articulation ; 
it rests posteriorly on a slight process, and faces inwards^ upwards, and towards the 
front. The posterior of these articulations (c) is slightly convex and oval in form, and fiEices 
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backwards^ inwards, and downwards, and is, like the corresponding articulation on meta- 
tarsal 3, supported on a massive posterior process. 

The articulations for metatarsal 5 much resemble those corresponding with them on 
metatarsal 3, but they are more concave ; and the posterior, instead of facing slightly 
upwards, faces directly outwards, or rather a little downwards. The distal articulation 
corresponds with that of the Hon, except that it is slightly wider in proportion to 
the depth. 

Metatarsal 5, fig. 5. 

This bone is cyhndrical, passing upwards into a triangular section, and downwards into 
an oval, wider transversely than in a vertical direction. The cuboidal or proximal articu- 
lation is a small oval surface, inclined to the axis of the bone (a, b, fig. 5), and slightly 
concave transversely, and convex in an antero-posterior direction. It is bounded, 
externally, by a high, strong ridge or crest, which passes from the front, round the 
outside to the back of the bone, where it terminates just above the posterior articulation 
for metatarsal 4 (e,/). 

The anterior articulation for metatarsal 4 (fig. 5, c) much resembles the corresponding 
articulation already described in that bone ; but the posterior (fig. 5, (/) is a smaU, 
irregularly formed surface, the facing of which is generally backwards, inwards, and 
upwards. The form of the distal articulation corresponds exactly with that of the lion, 
being flattened internally, and extended laterally in an outward direction, but it shows 
the same slight diflFerence in the greater transverse diameter. 

This bone in the specimens we have examined is more bent outwards and backwards 
than in the recent lion and tiger. 

In general, these bones may be easily distinguished, when perfect, from those of the 
bear, by the smaller proportional length, as well as by the far greater proportional size of 
the proximal end of the bone in IJrsus. This gives these bones in the bear a taper shape, 
quite different to the solid, strong-looking bones of Feli8 spelaa. For the details of 
difference we refer to our descriptions, measurements, and figures — 
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MbASUB£MENTS. 

Metatarsal 1 being mutilated, we cannot give measurements. 



MetaUrsal 2. 
1 


Specimen 

figured. 

S. H. o* 

Taunton. 


Bl. B. 
Taunton. 




Feli» 

tigriB, 

Brit. Mus. 

114 L. 


FeUi 

tiffrii, 

College of 

Surgeons. 


FeUiko, 
College of 
Surgeons. 


FeUi leo, 
Tt, A* S. 


Inch. 
4-92 
218 
0-91 
1-30 

• • • 

1*80 

5-50 
2-40 
110 
1-50 
TOO 
2-20 

5-60 
2-30 
0-84 
1-60 
1-98 
200 

5-20 

1-87 

100« 

0-908 

0-80 

1-80 


Inch. 

• • • 

2-36 
0-70 
1-50 

• • • 
■ • • 

4 

Bl. B. 
Taunton. 

5-40 
2-20 
1-05 

1-37 
0-90 
1-80 

• • • 

• • • 

• • • 

• ■ ■ 

• • • 

• • • 

2 

Bl. B. 

Taunton. 

• • • 

1-26 
1-30 
MO 

• • • 

• • • 


• • • 

5 

Bl. B. 

Taunton. 

5-94' 

2-55 

127 

• • • 

0-86 
1-80 


Inch. 
404 
1-75 
0-60 
115 
0-84 
1-60 

4-97 
1-98 
0-98 
1-32 
0-84 
1-60 

4-95 
1-80 
0-62 
1-23 
1-78 
1-55 

4-33 
1-37 
0-72 
074 
0-64 
1-38 


Inch. 
4-25 
1-60 
0-59 
0-98 
0-71 
1-45 

4-88 
1-78 
0-98 
1-32 
078 
115 

• 

4-55 
158 
0-68 
1-20 
0-61 
1-50 

4-05 
1-53 
0-83 
0-90 
0-72 
1-53 


Inch. 

4-08 
1-45 
0-56 
078 
0-65 
1-37 

4-53 
1-60 
0-83 

1-17 
070 
1-40 

4-54 
1-51 
0-67 
0-94 
0-65 
1-50 

4-20 
1-40 
0-57 
0-83 
0-63 
1-26 


Inch. 
4-66 
172 
0-63 
1-00 
0-85 
1-60 

5-20 
1-83 
0-94 
1-24 
0-80 
170 

5-30 
1-65 
070 
1-30 
0-78 
175 

4-60 
1-37 
0.75 
0-82 
0-63 
1-50 
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Metatarsal 5. 
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Phalanges, PI. V., figs. 6 to 14. 

We have had in the Taunton Museum, and in other places^ abundant means of ex- 
amining the phalanges of Felts spelaa. The well-known difficulties of assigning to each 

^ The largest Somerset specimen. 

^ Both 4th metatarsal articalations inclasive. 

^ Across cttboidal and metatarsal articalations. 
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first phalange the correct digit have been felt by us ; and, though we give figures of 
specimens in the order in which we beUeve them to occur, we are by no means confident 
that we are right in all, particularly as the great variation in size has added to our diflGi- 
culty in that respect. 

Generally speaking, the first phalanges of Felis spelaa present the usual character- 
istics of the genus. The deeply concave proximal articulation, the border of which is 
broken by a deep depression posteriorly (figs. 6, 7, 8, 9, a, 3), the pulley-like distal articula- 
tion, and the strongly marked muscular attachment on the lower surface^ ne common 
alike to the Felidae and to the other camivora ; whereas, the less taper form of the shaft, 
swelling out laterally and frontally on the anterior surface towards the distal epiphysis 
(figs. 6, 7, 8, 9, c, d), the deeper proximal articulation, and the less strongly marked 
muscular attachments below, distinguish the feline phalanges from those of the bear's, 
which are, as far as this species is concerned, the only phalanges that are likely to be con- 
founded with them. 

As we state above, the great variety in size added much to the difficulty of determining 
the proper place of each phalange, but we came to the determination to trust to form 
alone, and to figure the largest of each form which we found most to resemble the corre- 
sponding bone in the lion. 

Most of the phalanges we have seen are from that great depository of feline remains, 
Bleadon Cavern, in the Mendip, though we have good specimens from Sandford Hill, 
Oreston, Caldy, and other places. 

The phalanges of the hind paw may easily be distinguished firom those of the front by 
the superior stoutness in proportion to their length ; the flexure also is not so great. 
There is but little difference, except in size, between those of digits 3 and 4; but 
we have always found that of digit 2 curved at least slightly, but sometimes considerably, 
outwards towards the centre of the paw, and to have the distal articulation set at an inward 
angle of about 60° to the shaft of the bone (fig. 6, e). This angle is sometimes, but not 
always, followed in the corresponding phalange of digit 3 (fig. 7, e) ; that of digit 
4 being always at right angles (fig. 8, e), and that of digit 5 being set inwardly also at 
an angle of about 60° (fig. 9, e). This last digit is always strongly curved inwards. The 
outer may be distinguished from the inner side, in all the digits, by comparing the form 
of the sides of the posterior depression in the border of the proximal articulation. The 
angle at the summit of the outer side is nearly a right angle (figs. 6, 7,' 8, 9, a) ; the 
inner side is more or less sloped, so that this angle at the summit is obtuse (figs. 6, 7, 8, 

9, by 

All those we figure are from Bleadon, and are nearly, if not quite, equal in size to the 
largest we have seen elsewhere, and are vastly superior in size to those of any living Feles; 
but there are many fossil specimens of phalanges which do not difier in size or proportion 
from those of the existing lion and tiger. 
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Second Phalanges, PI. XI, figs. 10 to 13. 

The second row of phalanges of Feli8 may, as is well-known, be easily distinguished 
from those of other carnivora, by the peculiar outward turn of the distal articulation, which 
is so formed that the last or ungual phalange may fall back on the outside of the second 
so as to allow the claw to point upwards and protect its point from injury when 
retracted. 

We are unable to give any rule for placing the phalanges of each digit in order, except 
that the distal articulation of digit 2, and sometimes also that of digit 3, is not at 
right angles to the axis of the bone, but at an angle of from 1 5° to 30^ as represented in 
fig. 10 a. That of digit 5 is generally shorter and stouter, in proportion, than the 
others. We have figured the largest of each form that we have met with. They are all 
from Bleadon ; they occur also from the Sandford Hill Cave, and from Oreston, Caldy, 
Ilford, and a great many other localities. 

The bone may be represented as triangular in section, from the distal to the proximal 
epiphysis, gradually expanding from the former to the latter. The proximal articulation 
is triangular in form, the inner and outer sides being convex, and the posterior deeply 
concave, having a deep pit within the concavity. It is divided by a ridge into two lateral 
concave portions, corresponding with the convexities of the distal articulation of the first 
phalange, and ends anteriorly hx a truncated spur, pointing forwards and upwards. 

The distal articulation is, as is well known, a cylindrical roll, set transversely on the 
end of the bone, narrower in front than posteriorly, so that one end projects outwards 
considerably, and at a varying angl^ to the axis. 

The same rule may be given for the determination of those of the hind paws, by their 
superior stoutness, in proportion to their length, as we have given for the first phalanges. 

Third Phalanges, PL XI, fig. 14. 

The third or terminal phalange is a bone of rare occurrence. Five examples have 
occurred to us from English deposits ; they are all from Bleadon. But one of them is in 
a sufficiently perfect state to figure and describe. It is probably that of the smaller hind 
toe. The lateral aspect may be gathered from the fig. 14, a being the articulation, the 
point of attachment of the tendons of the flexor, and c that for those of the extensor or 
retractile muscles. The large triangular portion which extended beyond these points is 
a hollow sheath, which contains within it at rf a strong core, upon which the claw is 
fixed, so that it is kept firm in its place by the sheath. The form of the whole of these 
phalanges is alike, and we can find no difference between those of either the fore or hind 
paw, except size, that of the thumb of the fore paw being enormous. One of these from 
Gailenreuth is in the possession of Sir P. De Grey Malpas Egerton, Bart., M.P., F.R.S., 
and measures 2*5 inches in antero-posterior length, and 0*8 inch in width. 
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Measurements. 



1st Phalanges : 



Digit 1. 


Figured speci- 
mens. 
44. 
Bl. B., Taunton. 


Smallest Set. 

At Taanton. 

51. 

Bl. B. 


FeliM Hgrit, 
Brit. Mut. 114 L. 


Feliileo, 
W. A. S. 


1 


Inch. 
1-86 
2-20 
0-97 
0-67 
073 
1-25 


Inch. 

1-70 
1-80 
0-80 
0-48 
0-67 
070 


Inch. 
1-80 
1-60 
0-80 
0-54 
0-63 
0-84 


Inch. 
170 
171 
0-80 
0-52 
0-58 
0-80 


2 


3 


4 


5 


! 6 


1 


1 

Digit 2. 


(1). 
Bl.B., Taunton. 


23. 
Bl.B. 






1 


2-36 
2-36 
110 
1-65 
0-90 
1-45 


1-90 
1-80 
0-82 
0-50 
0-67 
0-72 


215 
170 
0-86 
0-59 
0-67 
0-52 


1-90 
174 
0-80 
0-50 
0-65 
0-61 
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4 


5 
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Digit 3. 


32. 
Bl. B., Taunton. 


24. 
Bl. B. 






1 

1 


201 
2-34 
102 
0-65 
0-83 
M3 


1-85 

178 

0-78 
0-50 
0-59 
070 


1-99 
1-61 
0-80 
0-49 
0-62 
0-51 


1-80 
1-51 
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0-48 
0-60 
0-80 
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5 
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1 

Digit 4. 


48. 
Bl. B., Taunton. 


26. 
Bl.B. 






1 

1 


1-51 
1-97 
0-83 
0-62 
0-68 
110 


1-40 
1-83 
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0-55 
0-60 
0-94 


1-64 
1-42 
0-68 
0-52 
0-51 
0-49 


1-60 
1-46 
072 
0-48 
0-60 
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5 
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PLATE I. 



Felis 9pel(Ba^ Goldfuss. 



(Natural size.) 

Fig. 

1. Lower jaw, external aspect, i These are from Bleadon Cavern, and form part of the 

2. Lower jaw, internal aspect. 1 Collection of Mr. Beard in the Taunton Mu.seuni. 
:i. Lower jaw, posterior aspect, showing condyle, coronoid process, and angle. From 

the Brickearth of Crayford. In the possession of Dr. Spurrell. 



PLATE II. 
Felts speiaa. 

FOREARM. 

(Half natural size.) 

FlQ. 

1. Radius. Sandford Hill Cavern. Mr. Beard's Collection in Taunton Museum. 

F8. S. H. B. 1. 

2. Radius, proximal articulation of fig. 1 . 

3. Radius, distal articulation of fig. 1. 

4. Radius, small form. Bleadon Cavern. Mr. Beard's Collection at Taunton. 

Bl.B.FS(L).l. 

5. Ulna, largest specimen known to authors (proximal half). Bleadon Cavern. Mr. 

Beard's Collection at Taunton. Bl. B. U. FS. 1 . 

6. Ulna, external view of fig. 5. 

7. Ulna, internal view of fig. 5. 

8. Ulna, proximal end. Sandford Hill. Belongs to same individual as the radius, 

fig. 1. FS. U. 1. S.H.B. Taunton. Mr. Beard's Collection. 

9. Ulna, small form, external view. From Wokey Hysena-Den. Mr. Boyd Dawkins's 

Collection. 



FELIS SPRIJ-^A, 




"dgtwiddJIlinkalliUi. 



PLATE III. 



Felts spelaa. 



08 INNOMINATUM. 

(Two thirds of natural size.) 

Fig. 
1. O.s innominatum of Felia spelaa. Brick-earth, Slades Green, Crayford. British 

Museimi. 
H. Os innominatum of Felis tiffria. India. In British Museum. 



PLATE IV. 



Felis fpelaa. 



LEPT TARSUS. 

t 

(Natural size.) 

Fig. 

1. Astragalus. 

2. Calcaneum. 

3. Naviculare, reversed from right paw. 

4. Cuboid. 

4'. Cuboid, internal aspect. 

4t", Cuboid, distal or metatarsal aspect. 

5. Ecto-cuneiform, reversed from right paw. 
5'. Ecto-cimeiform, internal aspect, right paw. 
5". Ecto-cuneiform, internal aspect. Lion. 
5'". Ecto-cuneiform, internal aspect. Tiger. 

6. Meso-cuneiform. 

7. Endo-cuneiform. 

Figs. 1, 2, 3, 4, 5, 6, 7, show the front or superior asjyect of these bones ; all those of 
Felis spelaa are from Bleadon Cavern, and formed part of the Collection of Mr. Beard, 
now in the Taunton Museum. 



FELIS SPEL.iLA. 




WA.su. JDmkrJJidi. 




Third phalange, probably of the fifth toe. From Bleadon Cavern. 
SesamocU. Prom Bleadon Cavern. 
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Acanthoteuthis,^ Wagner. 

The shell is not known ; probably identical with Beleranosepia. The hooks were in 
double rows along ten nearly equal arms. (Example — A. prisca. Oolite of 
Solenhofen.) 

Belemnoteuthis, PearcCy 1842- 

Shell consisting of ^phragmocone like that of the Belemnite, a horny dorsal pen^ 

with obscure lateral bands, and a thin fibrous guards with two diverging ridges 

on the dorsal aspect. 
Animal provided with anna and tentacula of nearly equal length, furnished with a 

double alternating series of horny hooks, from twenty to thirty pairs on each 

arm ; mantle free all round ; fins large, mediodorsal. (Example — B. antiqua. 

Oxford Clay.) 

Conoteuthis, jyOrh. 

Phragmocone slightly curved. Pen elongated, very slender. (Example — C. 
Dupiniana. Neocomian.) 

« 

In 1863 Karl Mayer presented, in the * Journal de Conchyliologie,' the fol- 
lowing classification of Jurassic Belemnites, which is illustrated by the collection in the 
Zurich Museum : 

AcuAKii. Lanceolate, laterally compressed, without canal or lateral grooves. Lias 

and Oolite. 

A. Smooth. AA. Alveolus excentric. 

AAA. Alveolus central. 

B. With furrows at the apex. 

BB. Alveolus central. 
BBB. Alveolus excentric. 

Canaliculati. Lanceolate, with ventral depression, but no lateral grooves. Oolite. 

A. Smooth. AA. Alveolus excentric. 

AAA. Alveolus central. 

B. Unisulcate. BB. Alveolus central. 

BBB. Alveolus excentric. 

C. Bicanaliculate. 

1 Professor E. Suess has lately given figures and descriptions of the Acanthoteuthidae, * Proceedings 
of the Imperial Academy,' Tienna, 1865. 

5 



so BRITISH BELEMINITES. 

Hastati. rmifomi, with lateral grooves or canals. Lias and Oolite. 

A. Smooth. 

B. Unisiilcate. 

C. Witli lateral canals. 

Each of the divisions thus indicated is subdivided into groups of allied species. 

M. Diival-Joiivc proposed a classification limited to the Belemnites of the Neocomian 
strata, which may be. convenient for reference; though at the present time hardly a 
single species of the groups be mentions and describes so carefully hiis been found in 
England. 

1 . Bipartiti. — ^The aides marked by a deep furrow, which divides them into two 

equal parts ; place of the siphuncle imknown. B. bipartitus of Blainville is an 

example. 
3. Notoaiphiti. — The siphuncle placed on the middle line of the dorsal ei«pect of the 

alveolus, opposite to the ventral canal of the guard ; always compressed ; the 

opening of the cavity notched on the sides, 
3. Gastrosiphiti. — Siphuncle in the middle line of the veafral aspect ; always cylindric 

or depressed ; opening of the cavity terminating circularly or obhquely. 

Before proceeding further it is desirable to fix the meaning of a few terms of continual 
use in describing the guard and phraguiocone. In general figure a few Belemnites are 
very nearly conical in the retral part of the guard, having there straight sides and a nearly 
circijlar section ; more frequently the section is not circular, and the figure is better termed 
eonoidal. Again, in the middle of the guard, as usu^y found, some Belemnites are very 
nearly cylindrical, with pfu'allel sides and a circular section ; but as often other Belem- 
nites have the section oval or in other ways deviating from a circle, and to such the term 
c^lindroidal will be applied. Looked at in a general sense, the whole form of the guard is 
said to be hastate when between the apex of the phragmocone and the termination of the 
guard the outUne is swollen ; when this swelling is very slight the term suhkastate may 
be employed ; when, on the contrary, it is large and conspicuous the Belemnite is called 
fmiform. Forms which are cylindrical or cylindroidal in the middle of the guard, and 
conical or eonoidal in the hinder part, are often conveniently called lanceolate. As 
to the termination of the guard, it is in the Belemnitellae of the Chalk mucronate; 
in some Oolitic and Lias groups this form is nearly approached, and the term aai- 
mucronate will be useful. In BelemnitcUa attenuata and some others the point is 
produced; and for the remaining forms acute and obtuse, with the help of the adverbs 
very and slightty, will probably suffice. For want of care in the iise of two other terms 
in respect of the guard, great confusion arises. Belemnites are comjiressed when the 
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diameter from 9ide to side is less than that from the back to the front ; depressed when 
the contrary occurs. The axis of the guard (called the " apicial line " by Voltz) is the 
line from the apex of the guard to the apex of the phragmocone ; the axis of the phragmo- 
cone extends from its apex to the centre of the last septum. The relative length of these 
axes is of much interest and importance in diagnosis. Phragmocones are not always truly 
conical; they are usually a little compressed, and deserve to be called conoidaL The angle 
of inclination of their sides is believed to be nearly constant in the same species, for the 
same part of the slopes ; but it varies in diflTerent species (12^ to 32^), and in the same 
species it often varies a little between the apex and the last chamber. The angle most 
proper to take for characters of species is between side and side ; but it is desirable, when 
good examples occur, to give also the angle of the back and front. The section of the 
alveolar chamber may often be had when the phragmocone cannot be obtained. 



BELEMNITIC BEDS. 

A full account of the geographical and geological distribution of Belemnites must 
be postponed till the species have been described ; but it will be convenient here to 
indicate the principal zones, or beds of rock, in which they are found most abundantly. 
Not only is the group absent from existing oceans, but it is unknown in the whole 
Caenozoic period; for Beloptera and Belemnosis, which occur in Eocene strata, are 
probably of the family Sepiadap. 

In the Upper Chalk of Kent, Norfolk, and Yorkshire, with Ananchytes ovata, we 
recognise in abundance Belemnitellae, the latest members of the family in Britain ; at 
Maestricht beds of Chalk, thought to be somewhat higher in the series, also contain them 
in plenty. Comparatively rare in the lower parts of the Chalk, and not very frequent 
in Upper Greensand, they are plentiful in the Gault, but again rare in Lower Green- 
sand. No member of the family has been found in the Wealden strata. 

Belemnites appear below, but, excepting one dubious notice, I have no information of 
them in any part of the Purbeck or the Portland strata. They are abundant in 
Kimmeridge Clay, frequent in Coralline Oolite, less frequent in Calcareous Grit, but 
again become plentiful in the Oxford Clay, both in the upper part and lower part, 
as well as in the Kelloway Rock. 

Again, they become rare in Cornbrash, and are almost unknown, except as fragments, 
in Forest-Marble. In Bradford Cla^ they are unknown to me, except by a notice in 
Smith's * Stratigraphical System,' where a small slender species is quoted from Stoford, 
south of Bradford, in Wiltshire. Nor have I more than mere fragmentary indications in 
the Great Oolite, till at the base of it we find the canaliculated Belemnites of Stonesfield. 
Smith mentions a canaliculated species in the Puller's Earth, but they are very rare in 
any of the beds between the two Oolites of Bath. 
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The Inferior Oolite contains many species, in the lower beds especially, and from 
this point downwards through the sands, and clays, and limestones, of the Liassic series, 
Belemnites are almost never absent from the section till we reach the zone of Ammonites 
BucJdandL Only in the upper part of this zone have they been found by Mr. Sanders 
at Salford, and by Mr. Day at Lyme Regis. I have not, with my own hands, 
after three careful examinations of the same zone at Lyme Regis, obtained a single 
example ; nor any trace of one, either in the lower parts of that zone or in the subjacent 
bands with Ammonites planorhis. None has ever been seen by me in the strata below 
from any place in the British Isles. 

" Belemnite-Beds *' are best exemplified in the Lias, where thin bands of strata are 
remarkably stored, and even crowded, with the guards of Belemnites. It will be enough 
to cite in the Southern Lias the well-known rich layer at the foot of Grolden Cap, and on 
the front of Black Venn, near Lyme Regis. On the Yorkshire coast are several of these 
bands, in the Lower, Middle, and Upper Lias — different species in each of these cases. 
The Cephalopoda-Bed, as it is called, just at the junction of the Liassic Sands with the 
Inferior Oolite, is sometimes very rich in Belemnites, and so are parts of the Oxford 
Clay, the Red Chalk of Speeton, and the upper layers of the White Chalk. As far as 
mere number is in question, these may be called "Belemnite-Beds,^' but they are not 
so in the same sense as the Liassic layers already mentioned. 

Till within a short time, the only examples of Belemnites in the strata of Britain, 
even approaching to completeness, were found in the Oxford Clay near Chippenham, 
where also shells of Ammonites were more than usually perfect ; and other Cephalopoda 
retained the form of some of the softer parts. Lately, Mr. Day was successful in 
extracting from the Lias of Lyme Regis several specimens in which the hooks of the 
arms were preser\'ed, the arms having disappeared, and the greater part of the phragmo- 
cone appeared in its place as regards the sparry guard. Possibly, by a careful search in 
the Gault of Folkstone, the true shape and some further details of the smaller species of 
Belemnitellae may be recovered. 

The descriptions of species will now be entered upon, beginning with those of 
the Lias. 
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Belsmttites acutus, Miller. PL I, fig. 1. 

Be/erence. BelemnUea acutua. Miller, * Geol. Trans./ 2nd series, vol. ii, p. 60, pi. 

vui, fig. 9 (read April, 1823), 1826. 
B. brevis, var. a, Blainville, * Mem. sur les Belemnites,' p. 86, pi. iii, 

figs. I, 1 «, 1827. 
B. acutusy Sowerby, ' Min. Conch.,' p. 180* t. 590, fig. 7 (not fig. 10), 182S. 
B. acutuSy D'Orbigny, ' Terr. Jurass.,' p. 94, t. ix, figs. 8 — 14, 1842. 
B. bremsjprimus, Quenstedt, 'Cephal./ p. 395, t. xxiii, fig. 17, 1849. 

Guard. Conoidal, compressed, terminating in a sharp, nearly central point, some- 
what drawn out ; on each side frequently a broad shallow groove, not reaching to the 
point ; apex often striated, but not grooved. 

Transverse section oval, with flattened sides ; the ventral aspect broader than the 
dorsal; axis a little excentric (PI. I, fig. 1, ^')« 

Greatest length observed, 275 inches; greatest diameter, 0*66 ; axis, 100. 

Young specimens are longer in proportion, and very acute (PI. I, fig. 1, J). 

Proportions. The normal diameter (r, d) at the apex of the phragmocone being taken 
at 100, the ventral part of it is from 36 to 44, the dorsal 56 to 64 ; the shorter 
diameter at the same point is 87 ; the axis of the guard 300. In young specimens the 
axis is 400 or more. 

Phragmocone. Oblique, with excentric apex ; the sides are nearly straight, and 
inclined at an angle of 27° or 28® -^ the an^le included between the dorsal and ventral 
lines is about 32°. Section elliptical, as 100 to 91. Septa not observed, except near the 
apex of the phragmocone. 

Varieties, a. Lateral grooves distinct (specimens figured). 

/3. Lateral grooves obsolete (not figured). 

Observations. The type specimens employed by Miller are unknown. There is in 
the museum of the Bristol Institution a tablet marked B. acutus, Lower Lias, Cheltenham, 
bearing two specimens. One, dark-gray in colour, corresponds to some of my specimens 
from the same locality, presented to me by my much regretted friend H. E. Strickland, Esq. 
The other, composed of yellow spar, fits well enough in figure to Miller's outline, but is 
of a difierent species. The figure of this author is quite indeterminate, nor is Sower))y's 
sufficient for identification. But there is no reason for disturbing the common consent of 

I D*Orbigny gives the angles as 18° to 24°, probablv a mistake. 
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English and foreign palaeontologists, by which the name of B. acutus is. fixed on the short, 
compressed, pointed forms here described as containing two principal varieties. Equally 
general is the consent to adopt as a synonym the first of three varieties, or rather species, 
ranked by Blainville as S. drevis ; and by examination of foreign specimens referred to 
that fossil by M. Hebert, I find specimens of both varieties among them. In the 
original description of Blainville the axis of the guard is described as medial throughout. 
Such is, I think, never the case with English examples, though the excentricity varies. 
D'Orbigny describes the axis as a little excentric. The same author gives a drawing to 
represent a section of the phragmocone, with sides much less inclined than asual, and 
with septa unusually distant. I have not yet obtained a good section of a phragmocone. 
D'Orbigny refers to an angular variety in his own collection, * Terr. Jur.* (pi. ix, figs. 13, 
14). His specimens are a little bent, as sometimes occurs at Lyme Regis and Cheltenham. 
This author notices the varying length of the guard in proportion to the diameter, the longer 
specimens being supposed masculine. He did not perceive any grooves on his examples. 

Locality and Distribution. In Lower Lias beds, with Ammonites Bucklandi^ at the 
base of Black Venn, Lyme Regis {Bay). In Lower Lias at Weston, near Bath {Sowerby), 
and at Salford {Sanders). In Lower Lias beds at Hatch, near Taunton, with Amm. 
obtusus {Moore). Antrim, in Lower Lias {Phillies). Near Cheltenham, in middle part 
of Lower Lias {Strickland). Robin Hood's Bay, Yorkshire, in upper part of Lower Lias 
{Oppel, Bhillips), Thus in the British Islands it seems confined to Lower Lias. 

Foreign Localities. In Lower and Middle Lias (communicated by M. Hebert). La 
Grange aux Bois, CharoUes, St. Cyr (Cote d'Or), Argenton. D'Orbigny gives other stations. 



Belemnites penicillatus, Sowerby, PI. I, fig. 2. 

Reference. Belemnites penicillatus^ Sow., *Min. Couch.,' p. 181, t. 590, figs. 6, 9, 1828. 

Guard. Short, much compressed, cylindroid, except in the posterior part, which 
curves round to an obtuse, nearly central apex ; dorso-lateral grooves variable. 

Transverse section oval; ventral aspect somewhat broader than the dorsal; axis 
nearly central. 

Greatest length observed, 2*75 inches; greatest diameter, 0*75 ; axis, 100. 

Proportions. The longest diameter of the apex of the phragmocone being taken at 
100, the ventral part is 48, the dorsal 52 ; the shorter diameter 76 ; the axis 150 in old, 
under 300 in young specimens. 

Phragmocone. Almost truly conical, nearly straight on all sides ; its apex almost 
central; angle 24°; section slightly elliptical, within the oval guard, which is much 
thickened on the ventral and dorsal faces. 
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Vabibtiks. a. Lateral grooves distinct (fig. 2, 6', b'"). 

p. Lateral grooves obsolete (fig. 2, ^"; and Sow., 'Min. Cwi.,' t. 590,fig. 6). 

Obaervationa. Id general form this species differs very sensibly from JR. acutu8, 
as given in these pages ; in the transverse section not less so, this having the apex of the 
jdungmocone almost exactly in the centre of the figure, which would be pretty regularly 
oval but for the flattened sides. Facettes, or grooves, are almost always traceable on the 
flatteaied sides, and seldom absent from the apex on the dorsal aspect. They are, how- 
ever, often obscnre enough to escape uncritical observation. With S. di^tali^ it agrees 
in some degree as to general iignre, but as to the proportions of the ventral and dorsal 
radii of the sheath, and as to the form and situation of the phragmocone, not at alL 
Very many of the specimens have a rough stristion about the apex, arising from some 
decay there ; and, from the same cause, a sort of umbilical depression occurs in place d 
the original apex, which in the young state was obtuse-angled and entire. 

It is necessaiy to add an additional figure (Diagram 16) for the purpose of pre- 
venting mistake when some apparently even-surfaced specimens, with a very symmetrical 
oatline, occur. In most of my drawings especial care is taken to make the groovings 
fully as evident as they appear in the objects. For this purpose the hght is made 
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incident at a lower angle than is usual, so as to mark the longitudinal undulations with 
distinct light and shade. If this be not done many Belemnites may be regarded as "with- 
out grooves," which yet really are furrowed. In the ordinary light such specimens as 
those in PI. I, fig. 2, i" and /", would not appear quite so strongly furrowed, and others, 
like that in Diagram 16, may be thought to be perfectly smooth. 



r 
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Belevinites penicxUalus is the name giveu by Blainvilte to the specimen figured 
in his work (pi. iii, fig. 1). The name had been previously employed by Schlotheim 
(' Petrif.,' No, 10), for a Bclemnite which Blaiiiville supposes may be the same as lain 
examples, which were from the Lias of Nancy.' Hardly any foreign author now emplop 
this name; but it appeai-s desirable to revive it, on the autliority of Sowerby, who 
iwlieved bis fossils from Lyme Regis to be the same s])ecies as Blainville's. The 
specimens from the Belemnite-bed of Golden Cap have been sometimes referred to 
Ji. Aodoliajtiis of D'Orbigny ; but that species is represented with a distinct aero-ventral 
groove, which rarely, if ever, appears in this, and the section given of its pbragmocone is 
very oval, while in this it is almost circular. The two forms are, however, much allied, 
though not sjiecifically the same. I have seen only one Unghsh specimen which appears 
to agree with B. Nodoliaiim. 

Locality. Abundant under Golden Cap, Lyme Regis {Anniag). Slioni Clifi", h^vm 
Regis {Sowerby). In Lower Lias, with J»m. Bueklandi, at Paulton, near Bath, and with 
A. obtusae at Hatch, near Taunton {Moon'). In Lower Lias {middle part) near 
Cheltenham {Stricklfind). In liOwer Lias, with A. J'urnvri, near Bristol (SImldaH). In 
Lower Lias, Antrim {Ph'dlijjs) ; and Robiu Hood's Bay, Yorkshire {FkiUipn). 

Bei,emnites iNFuxDinui-t;!!, n.s. PI. \, fig. 3, 

Guard. Short, conical, arched upwards; apex acute, usually striated on the dorsal 
and ventral faces; two obscure lateral facctles extended and widening over the alveolur 
region. Transverse section nearly circular, with the axis a little excentric, and nearly 
straight ; the young forms similar to the full grown. 



Greatest length observed, 2'5 inches; greatest diameter, less than 07; axis of 
guard, 0-7 . 

^ D'Orbigny twice refera to B. pnicilhliit, once as the eqaivalent of B. irregvlaris, Scb., and agaia 
M a lynomym of ,6. eompremt. 
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Proportions. The longest diameter at the apex of the phragmocone being taken at 
100, the ventral part is 46, and the dorsal part 54 ; the axis of the guard 160. 

Phragmocone. Quite straight, with a slightly oval section, ending in a sphemle ; 
sides inclined 21°, ventro-dorsal inclination 23°. Septal diameter seven times the depth ; 
axis of the phragmocone half as long as the axis of the guard ; alveolar cavity three 
times as long as the axis of the guard. 

Observations. The substance of the guard is usually a clear, brown, calcareous spar, 
with large radiating pencils of fibres. In some specimens the striations near the apex 
gather into interrupted longitudinal plaits, especially on the dorsal aspect. In one case 
the whole surface is marked by little ridgy swellings ; in others quite smooth, except near 
the apex. 

Among foreign specimens from Mokon, near Meziferes, mostly referred by M. Hubert 
to B. dreviSy var. b, Blainville, I have seen some which have the essential characters above 
assigned, though generally somewhat compressed. Among them one or two may be 
chosen which fairly match our English examples. Specimens of Lias Belemnites are 
occasionally seen in foreign museums bearing the names of B. brevirostris, D'Orb. (also 
called B. curtus on plate x, figs. 1 — 6, of this author's ' Terr. Jnrassiques,' and B. rostri- 
formis (Qu.), which come near to our specimens. The former is known to me by many 
examples, all of which are straight ; the latter is a somewhat oblique, not arched, very 
short, compressed Belemnite, with acro-lateral grooves, and is ranked among the Beleinnites 
tripartiti by Quenstedt. It seems, therefore, that a new designation is necessary for 
this not common fossil, for which the only synonym I can suggest is B. brevis, var. b, in 
part, of Blainville. It is not identical with what Prof. Morris mentions as B. brevirostris 
from near Cheltenham. 

Locality. In Lower Lias, near Bristol, with Anmi. Turneri [Stoddart) ; Lyme Regis 
and Bath {Phillips). Foot of Black Venn, Lyme Regis, with^. Bucklandi {Day). 

Belemnites excavatus, n. s. PI. II, fig. 4. 

Reference. Buckland, * Bridgewater Treatise,' p. 70, pi. xliv', fig. 14, 1836, where it is 
called B. brems (?), a name previously employed for a very difierent species by Blainville. 

Guard. Rapidly tapering to a blunt end, with obscure lateral furrows. The axis 
excessively short. Sections show the substance of the guard everywhere nearly of equal 
thickness, like the finger of a thick leather glove. 

Proportions. The diameter, v d, being taken at 100, the axis is of unexampled short- 
ness — ^less than 100 ; thus in form somewhat reminding us of AcanthoteuthiSy though its 
texture is of the ordinary kind ; transverse diameter less than the ventro-dorsal diameter, 
especially toward the apex. 

6 
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Phraguocone. Unknown, excepting that its section was nearly circular, and that 
its angle was about 2S°, 

Locality. Lyme Regis, from a calcareous band, probably in the upper part of the 
Lower Lias. Dr. Buckland's collection one specimen. Professor Phillips's collection, one 
specimen. 



Bkleunites calcab, n. s. PI. II, fig. 5. 

Guard. Conoidal, straight, tapering to a blunt apex ; sides planate, somewhat 
inclined to one another ; ventral and dorsal surfaces rounded ; the ventral aspect broadest. 
Transverse section oblong, axis very short. 

Proportions. The diameter, v d, being taken at 100, the axis is of about the same 
length ; the transverse diameter about 90. 

Phbagmocone. Only partially known. One specimen of Dr. Buckland's (fig. 5,/'} 
shows several close displaced septa in the forward part. Its axis must have been five or 
six times as long as that of the guard. In a specimen belonging td Mr. C, Moore, from 
M'eston, the alveolar paits of the guard are crushed over the alveolar chamber, as in the 
specimen from Lyme (fig. h,l\l"); whether they contain any septa can only be knowa 
by making sections; and fur this more specimens are required. 

ZoceUity. Lyme Regis, from the Lower Lias beds, with Anivioniies BucHandi {Geol. 
Survey collection, No. G12}, Weston, near Bath, in Lower Lias, with A. BucMandi 
(iT/oori?V collection). The specimen PI. II, fig. B, /"', is from the Belemnite-beds at the 
base of the Middle Lias of Lyme Regis. It may possibly be of a different species {Geol. 
Survey collection, No. 613). 

Observations. lu general figure this Belemnite agrees with B. drevirogfyis of 
D'Orbigny ('Pal. Fr. Cephalop.,' pi. x, figs. 1 — 6 ; on the plate it is called curfas), but 
that species has distinct lateral grooves, which do not appear on the English specimens. 
It belongs to the Upper Lias of France and Germany ; ours as yet appears to be confined 
to older beds. There is also a resemblance to the incomplete specimen of Belemtile$ 
acuarius macer figured by Quenstedt (' Cephalop.,' pi. xxv, figs. 27, 28, 29, 30) ; but 
those figures are deficient of the extended and striated guard figured on the same plate 
(pi. xxv, figs. 31, 22). The striations are the effect of the decomposition which 
has removed the apex. On the same plate fig. 25 represents an individual " der noch 
die Verlungerung nicht hat," and fig. 26 another ; from which it might be supposed that 
such individuals as ours may be incomplete, and might, indeed, be subject to the same 
elongation as those of Quenstedt. His specimens are from the uppermost bands of 
the Lias of Heiningen, ours from the Lower Lias. 
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Belemnites dens, Smpwn. PI. II, fig. 6. 

Reference. Belemnites dens^ Simpson, 'Fossils of the Lias of Yorkshire/ 1855 
(no figure). 

Guard. " Length of guard not twice its width, much depressed, sides straight ; 
finely striated longitudinally, or corrugated and roughened most towards the blunt apex, 
with small tubercles. Some are longer in proportion." 

Locality. " Lower Lias, Robin Hood's Bay, Yorkshire." 

The above is the* published description of the curious fossil of which I here present a 
sketch, in hopes of being able to add more details hereafter. I have seen only one 
specimen, which is in the Whitby Museum. The striations are like those seen on other 
Belemnites, as B. elongatus^ and are original marks of structure left by the secreting 
membrane, or periostracum, not the effect of decomposition, as in ^. acuarius macer of 
Quenstedt (* Cephalop.,' pi. xxv, figs. 27, 28, 29). 

Belemnites clavatus, Blainville. PI. Ill, fig. 7. 

Reference. B. clavatus, Blainville, p. 97, pi. iii, fig. 12, 1827. 

B. pistilliformis, Sow., ' Min. Conch.,' p. 117, t. 589, fig. 3, 1828. 
B. clavatus, Quenstedt, ' Cephal.,' p. 398, t. xxiii, fig. 19, 1849. 
B. clavatus, D'Orb., ' Pal. Fr. Terr. Jurass.,' p. 103, t. xi, figs. 19—23, 
1842. 

Guard. Very elongate, fusiform, contracted in all the region about the alveolar apex, 
evenly swollen between this and the apex, which is pointed. On the lateral faces of the 
contracted parts of the sheath are traces, more or less distinct, of two longitudinal furrows, 
which cease on the expanded posterior part, and do not approach the apex. 

Sections show the guard to be composed, where it covers the phragmocone, and 
for a certain space behind the alveolar cavity, of pale, perishable, longitudinal laminae, 
which accounts for the frequent absence of those parts, and the production of the form of 
Actinoeamax, Mill. Transverse sections nearly circular, with traces of the grooves about 
the alveolar region. With age, the whole figure becomes more lanceolate, and thickens 
over the alveolar region. 

Extreme length observed, 4 inches. 

Proportions. The axis, in ordinary (middle-aged?) specimens, is from five to ten 
times as long as the diameter at the alveolar apex. It is nearer to the ventral side ; in 
some specimens very much so, in others very little. 

Phragmocone. In a specimen discovered by Mr. Day at Lyme Regis (PI. II, fig. 7, s) 
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the phraguiocone is seen in section, and thirty septa are traceable in a length of 0*6 inch. 
They are converted to iron-pyrites, and seem to be single plates with long flanges. The 
conotheca is traceable, covered by the thin expansion of the guard. [Quenstedt (* Jura/ 
p. 137) conjectured that Orthoceratites elongatm of De la Beche might be the phragmocone 
of this species, with its septa very much further apart than is usual in the genus. But 
that fossil constitutes the Xiphoteuthis of Huxley.] The alveolar angle is 18° or 20°, but 
by compression often appears larger. 

Variations, Considerable in respect of the general form and degree of compression ol 
the guard, the excentricity of its axis, and the distinctness of the two lateral furrows m 
the lower part of the alveolar region. (For notices of these circumstances, see a, 

/3, y, 8.) 

a. Guard with only very faint traces of lateral furrows, and the axis but littk 

excentric. 

/3. Guard distinctly marked on the alveolar region with two narrow furrows, whicl 
vanish on the expanded posterior part. Axis but little excentric. Transverse sections 
very slightly oval. 

Young specimens are elegantly fusiform, and without lateral furrows; with age 
laminas are added over all the surface, so as to elongate the apicial region and carr} 
back its swollen part, while in front of this the long, generally furrowed part is of nearh 
equal diameter. Substance a clear yellowish spar, often white externally, easily decom- 
posing in the contracted part, so as to lose the alveolar portion. 

y. Guard compressed, marked with two lateral furrows ; axis excentric, owing to the 
thickening of the outer layers on the dorsal aspect. This appears to be the B. spadix an 
of Simpson's * Lias Fossils,' p. 30. 

8. Guard subcylindrical, without lateral furrows ; axis very excentric. (Probably B 
fusteolus, Simpson, ' Lias Foss.') 

The varieties y and S are not in general so much contracted in the post-alveolar region 
as the othei-s. 

Observations. Sowerby, who gives good figures, observes, " It is very possibly the 
young of Belefnnites elongatusy The remark is not applicable to the fossil which he 
figures under that name, but there are elongate subcylindrical forms at Lyme Regis, 
which may perhaps, on further research, be proved to belong to this species grown old. 
The geological range does not, according to present information, reach the Upper Lias ic 
England. 

Localities, In Lower Lias, Hatch, near Taunton, with Ammonites raricostatus anc 
A. ohtusus {Moore), In the upper part of the Lower Lias, mider Huntcliff, Yorkshire 
{Phillips). In the upper part of the Lower Lias of Robin Hood's Bay, Yorkshire {Phillips 
Cullen). In the Belemnite-bed at the base of Middle Lias, Golden Cap, Lyme Regij 
{Anning, Day, Etheridge^ Phillips). In ironstone-beds east of Staithes, top of Middle 
Lias, Yorkshire {Phillips), 
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Bblemnites compressus, Stahl. PI. III^ fig. 8. 

Reference. Belemnites conijyreasmy Stahl, * Correspondenzblatt der Wurt. Landw. 

Vereins/ pi. xxxiii, fig. 4, 1824. 
B. JFburnelianm, D'Orb., 'Terr. Jur.', p. 97, pi. x, figs. 7—14, 1842. 
B. comj)res8U8, Quenstedt, *Cephal,' p. 405, pi. xxiv, figs. 18, 19, 1849. 

Guard. Much compressed, expanded posteriorly, and ending in an obtuse or rounded 
apex ; anteriorly contracted, and sometimes quadrate over the alveolar region. In some 
specimens the obtuse point is replaced by a cavity plaited at the edges, as in B. wnbilicatus 
of Blainville. From the apex a short broad groove proceeds nearly along the middle of 
each side, and extends towards the alveolar region. On that region one distinct, narrow, 
dorso-lateral groove appears, and extends towards the apex ; a short broad groove is also 
seen in some specimens on the anterior part of the ventral face of the alveolar region. 

Transverse sections show an oval outline and a nearly central axis. 

Greatest length observed, 2 inches ; but it grows to greater length. (Quenstedt, 
'Cephal.,' pi. xxiv, fig. 18.) 

Proportions. The diameter, v d, at the apex of the alveolus being taken at 100, the 
ventral part is 48, the dorsal 52, the transverse diameter 75, and the axis about 300. 
This proportion of the axis varies ; the individuals with longest axis are supposed by 
D'Orbingy to be males. 

Phragmogone unknown. The alveolar angle is 28°. 

Variations. Considerable, in regard to the completeness of the grooves and striations 
and the degree of expansion near the apex. A curious monstrosity occurs among Mr. 
Moore's specimens from Ilminster. In some specimens from Lyme two parallel narrow 
grooves appear on each side ; in others one broad shallow groove only. 

Locality. Lyme Regis, in Beleranite-beds of Middle Lias {Geol. Survey). Glaston- 
bury, in Middle Lias [Oxford Mtiseum). Ilminster, Middle Lias [Moore), I have seen 
no specimen on the coast of Yorkshire. 

Belemnites breviformis, Voltz. PL IV, figs. 9 a, 9 b, 10a, 10 b, 10 c, 10 d. 

Beference. B. brevifonnis^ Voltz, * Obser. s. Belem.,' p. 43, pi. ii, figs. 2, 3, 4, 1830. 

B. brevif otitis a«w«//Ae«, Quenstedt, 'Cephal.,' p. 405, pi. xxiv, figs. 21 — 23, 
1849. 

Guard. Short, lanceolate, cylindroidal, subtetragonal, tapering to a pointed summit, 
which is more or less recurved towards the back. 
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Ijongitudinal sections show the axis to be always more or less curved, especially 
near the apex, and nearer to the ventral than the dorsal face ; much nearer towards the 
apex. IVansverse sections show a tendency to flatness of the sides, so as to give an 
approach to a certain squareness in the outline. Diameters nearly equal. 

Size rarely exceeding 2 inches ; diameter rarely exceeding J of an inch. 

Proportions. The normal diameter being 100, the ventral part of it is 37, the dorsal 
part 63 ; the transverse diameter is also 100 (more or less). The axis, 200 to 300. 

Phragmoconk. Oblique, with a circular section, more or less inflected towards the 
apex, and terminated by a sphericle. Concamerations numerous ; siphon not affecting the 
sutures of the cells. Angle 25° to 27°. 

Varieties. According to M. Voltz, who described this species after inspection of 
more than fifty individuals from Gundershofen, in Upper Lias, three varieties occur : 

(a) Guard somewhat depressed, its summit acutely conical, without distinct 
inflexion or furrows (Voltz, pi. ii, fig. 2). 

(b) Summit submucronate (Voltz, pi. ii, fig. 4). 

(c) Summit mucronate, axis very near the ventral side (Voltz, pi. ii, fig. 3). 

Observations. The species called breviformis by Voltz, if allowed to include all the 
varieties which have been referred to it, must be quoted from Middle Lias, Upper Lias, 
and Inferior Oolite. Voltz supposes that Belemnites brevisy var. b, of Blainville (pi. iii, 
fig. 2), may be identical with B, breviformis, var. c, Voltz ; and as far as the figure of 
Blainville is evidence, his opinion seemed just. But by late researches of M. Hebert, who 
lias examined many specimens of the variety mentioned by Blainville, it seems to be 
really a distinct species, for which the name of brevis may be retained. This author is of 
opinion that B. brevis, D'Orb. (* Pal. Fran?., pi. ix, figs. 1 — 7 ; in the text it is called 
]i. abbreviatus), is identical with the species of Voltz. 

Varieties. I possess some half-dozen individuals of this species from Lyme Regis, 
some of which were collected by myself from the Belemnite-bed, imder Golden Cap ; others 
supplied by Miss Anning, probably from the same locality. From Gundershofen M. Voltz 
was so good as to send me five specimens, showing the varieties a, b, c, which he 
includes in the species. M. Hebert also sent me a larger series from the same place. It 
is evident that these all correspond, the English specimens being chiefly of the first variety 
(a) of Voltz. All agree in a lanceolate figure, with an approach to cylindrical section (or 
a little planate on the sides), and in a summit quite free from systematic grooves. The 
apex tends to recurvation (and in var. b, c of Voltz to submucronation). The points of 
doubt which arise on comparison of specimens from England and Germany are unim- 
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portant, but there are peculiarities in the description of M. Voltz which seem to require 
attention. He notices in his variety a the phragmocone as sensibly curved towards the 
ventral side ; in a section of a specimen from Gundershofen I find this curvature, as (indeed 
his figures (pi. ii, d'' and d''0 show it to be) very slight. He mentions also a curvature 
of the axis of the guard> and it appears in the figures quoted ; it is only just traceable in 
my specimen. There is no sensible change of figure from youth to age, except that the 
diameter grows larger in proportion. 

In his variety b (Voltz, fig. 4, d) he figures the axis as decidedly curved, and passing 
very near to the ventral face in all the posterior parts ; the phragmocone is represented as 
very sensibly curved ; neither in b nor c are either ventral or lateral grooves. These varieties 
are not larger than var. a. In specimens which I possess from the Eston Nab Ironstone- 
bedsj Frees, and Glastonbury, these characters are found precisely as in Voltz's figure 
and description, except as to the lateral grooves, which are traceable, more or less 
distinctly, in most cases. These individuals are larger than any of the specimens 
of Voltz, and correspond in magnitude with others from Alderton, in Gloucestershire, 
in which the lateral grooves are quite distinct. Admitting all these forms to belong to 
the species so well examined by M. Voltz, we have the following result for the British 
deposits : 

Var. a = var. a, Voltz. Guard having an acute conical termination, without 
distinct inflexion or grooves. Fhragmocone very slightly incurved (Fl. IV, fig. 9 a, b). 

Locality. In England, the Belemnite-bed under Golden Cap, Lyme Regis, base of 
Middle Lias ; in Germany, Gundershofen, Upper Lias. 

Var. /3 = Var. b, c, Voltz. Guard terminated by a summit more or less prominent, 
acute, and inflected towards the back ; no distinct* lateral grooves. Fhragmocone dis- 
tinctly incurved (Fl. IV, fig. 10a). 

Locality. In England, Frees, Salop, in Middle Lias (Morton), Eston Nab, 
Yorkshire, in ijronstone of the Middle Lias {PhiUips). Glastonbury, in Middle Lias 
{Phillijpa). 

Var. y. Guard terminated by a submucronate summit, more or less prominent 
from the ventral half of the substance, and more or less inflected towards the back. 
Lateral furrows near the back always traceable (Fl. IV, fig. 10 b, 10 c, 10 d). 

Greatest length observed, 2*5 inches ; greatest diameter, 0*6 inch. 

Longitudinal sections show the axis to be excentric, arched, and much nearer to the 
ventral side, remarkably so at the apex of the phragmocone, least so towards the apex of 
the guard. Transverse sections show the sides to be flattened, so that the sparry substance 
is thinner there over the alveolus. The lateral grooves at the apex are continued more or 
less distinctly into these flattened spaces. 
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Phragmoconk arched, ending in a spherule ; angle 27° in the anterior part ; nearly 
30° towards the apex. Transverse section nearly circular. Septa frequent. 

If it be found eventually desirable to separate these varieties, it will be best, I 
conceive, to make the division so as to insulate the variety a, which appears to me rather 
indeterminate, and to resemble the young of other species too much to be quite satis- 
factorily identified among the Lyme specimens. 

Localities. Alderton, Gloucestershire, in marlstone {Phillips), Bredon Hill, marl- 
stone {Strickland). Eston Nab, and East of Staithes, Yorkshire, in ironstone above the 
marlstone {Phillips), Ilminster, in marlstone of Middle Lias {Moore) ; this is shorter 
and stouter than usual. 

Synonyms. D'Orbigny refers the fossils figured by him pi. ix, figs. 1 — 7, to this species, 
expressly referring to Voltz, pi. ii, figs. 2, 3, 4. He calls it in the text B, abbreviate 
of Miller and Sowerby ; on the plate and in the text it is entitled B, brevis, Blainville. 
Authors who quote D'Orbigny in the ^ Pal. Fran?.' should observe the diSerence of the 
names on the plates and in the text. The specimen figured by D'Orbigny does not well 
agree with Voltz's species ; it is larger, has no trace of lateral furrows, and according to the 
drawing a straight-sided phragmocone, with a decidedly oval section. That it was one of 
the varieties included by Miller in his B. abbreviafus may be readily supposed. It is 
not the exact equivalent of B. brevi/ormis amalihei of Quenstedt (pi. xxiv, figs. 21 — 23), 
which has furrows near the apex, but is rather comparable to B, brevi/ormis, Quenstedt 
* Cephal.,' pi. xxvii, figs. 22 — 27 ; {B, Gin^ensis of Oppel), an Oolitic rather than Liassic 
form, of the South of England, which will be noticed immediately. 

Belemnites GiNGENSis, Oppel. PI. V, fig. 11. 

Reference. Beleimites breviforniis, Quenstedt, 'Cephalop.,' p. 428, t. xxvii, figs. 

23—26, 1849. 
B. Ginffcjisis, Oppel, ' Jura,' p. 362, 1856. 

Guard. Short, conoidal, contracted, and curving rapidly to an acute, produced, sub- 
mucronate, rather recurved summit ; no distinct grooves about the summit ; no distinct 
flattening of the sides. 

Sections show the general outline nearly circular, the axis very excentric and arched, 
and very near the ventral face. 

Greatest length observed (the edge being very thin) under 25 inches ; greatest dia- 
meter, under |. 

Proportions. The diameter at the apex of the phragmocone being 100, the ventral 
radius is about 30, the dorsal 70; the axis varies between 160 and 210 ; the diameters 
are nearly equal. 

Phhagmocone. Tncurvate, with an angle of 28^ and a nearly circular section. Septa 
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numerous^ distant from each other about jth of the diameter. Siphmicle marginal^ monili- 
form, quite free from the external layer of the conotheca, and completely bordered by its 
own shell (a single plate?). The flanges are short. 

LocaUty. In the Inferior Oolite of Dundry Hill, with Jmmonites JTumpAreysianus 
{Bristol Museum). In the same beds at Wotton-under-Edge, Frocester Hill, Cam Down, 
Bridport {PhUlips), Near Cheltenham {Bucktnan), 

Observations. The specimens figured are, without doubt, to be referred to the species 
first separated from the ordinary breviformis by Oppel. I have seen foreign examples. 
The figures given by Quenstedt show some degree of lateral compression, but I cannot 
doubt the identity of his species with' ours from Gloucestershire and Somersetshire. 
D'Orbigny's figures ('Terr, Jur.,' pi. ix, figs. 1 and 8), which are said to be from the 
Upper Lias, agree with our specimens ^11 enough, but the transverse section of the 
phragmocone (fig. 4) is so remarkably oval that, if not due to compression, there must be 
some mistake. The phragmocone is represented in fig. 2 of the same plate, as quite 
straight on the ventral side. 



Belemnites insculptus, n. s. PL V, figs. 12, 13. 

Beference. (I can find no satisfactory figure or description of this Belemnite.) 

GuABB. Short, conoidal, tapering rapidly to a produced, submucronate, somewhat 
recurved summit, from which two broad, shallow, lateral furrows proceed, growing less 
distinct over the alveolar region. 

Transverse sections show the outline to be nearly circular, but flattened more or less 
on the sides ; the axis very excentric towards the ventral face, and arched. Sometimes 
the dorsal aspect is widest, sometimes the ventral ; it is flattened sometimes on the ventral 
face, as in jS. ventrqplanus of Yoltz. 

A section taken lengthways shows the axis to be excentric, and arched in accordance 
with the reflected apex. 

Greatest length observed (edge of aperture very thin), Sj inches ; greatest breadth, less 
than 1 inch. 

Proportions. The diameter at the apex of the phragmocone being 100, the ventral 
radius is 42, the dorsal 58, the axis 120. 

Phragmocone. Very oblique, arched, with a circular cross section. Conotheca con- 
centricaUy undulated on the ventral face; concamerations numerous; angle m. 28^. 
Septal diameter eight or even nine times the depth. Axis of phragmocone traced to twice 
the length of the axis of the guard. Fifty septa in three quarters of an inch firom the 
apex of the phragmocone. 

Locality. Inferior Oolite, with Ammonites Sumphreysianus, Dundry {Sanders), fig. 12. 

7 
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In the Lias of Lyme Regis occurs very rarely an allied form represented iu fig. 13, 
from specimens in the cabinet of Mr. Goodhall, inspected many years since. I only 
know the exterior of these examples. A longitudinal section of another specimen from 

DIAGRAM IB. 




Lyme, preserved in the collection of the Bristol Institution, shows how short is the axis of 
the guard (Diagram 18). This Belemnite is not mucronate. If additional specimens 
come to my hands, I hope to determine its characters. 



Belehnites latibulcatdb, d. s. PI. V, fig. 14. 

Reference. (I can find no satisfactory figure or description of this Belemnite.) 

GcARD. Short conoidal, a little compressed, tapering rapidly in a curve on the ven- 
tral side to an obtuse recurved summit, from which two broad, distinct, dorso-lateraJ 
grooves proceed, nddening over the alveolar region, and margined on the dorsal side by a 
distinct ridge. 

Sectiom. The ventral aspect somewhat wider than the dorsal. 

Proportions. The diameter (wrf) fit the apex of the phragmocone being 100, the ventral 
radius is about 45, the dorsal 55, the axis 180, the transverse diameter *J4. 

Phragmocone. Not distinctly obsei-ved. 

Locality, Upper Lias of Whitby, the specimen figured [Phillipx). In the Museum 
of the Yorkshire Phil. Society is a specimen resembling this in general figure, but 
more slender, and with only short dorso-lateral grooves. 
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Bblemnites paxillosus, Schhtheim. PL VI, fig. 15. 

Reference. Belemnites pawiUoms, in part, Schlotheim, *Taschenb.,' pp. 5 1 and70, 1813. 

Voltz, 'Bblemnites/ p. 50, pi. vi, fig. 2, and 

pi. vii, fig. 2, 1880. 
Zieten,* Wurtemb./p. 29, pi. xxiii,fig. 1 , 1 830. 
B. Bruffuierianus, D'Orb., *Pal. Fr. Terr. Jurass./ p. 84, t. vii, figs. 1 — 5. 
The plate is really numbered pL vi, and the name on it is Belemnites 
niger, also given on pi. v to another species. 1842. 
jB.jOfla^7/(9««flWflr/^^«*,Quenstedt,*Cephal./p.402,pl. xxiv, 1, 2, 4 — 8, 1849. 
B, paxillo8U8y Oppel, 'Jura/ p. 152, 1856. 

Guard. Smooth, elongate, cylindroidal, convexo-conical towards the summit, which 
is often subtruncate or even concave, and marked by two short latero-dorsal smooth 
furrows, and in most cases by one or more medio-dorsal striae, and sometimes one medio- 
ventrai short stria. 

Sections show the axis to be nearly straight in all the ygung forms, only bending near 
the apex in the older examples. The axis is a little excentric. 

Greatest length of axis, 3^ inches, and of whole guard, 6i inches ; diameter at apex of 
alveolus not exceeding 1 inch. 

The young have nearly the same general figure and proportions as the adult indi- 
viduals, and exhibit the same diversities as to compressioUj and sometimes assume a 
subhastate shape. In very young forms the proportion of the axis of the guard is found 
to be somewhat less than in those of middle age. Thus in a specimen from Wurtem- 
burg the proportion in the youngest guards is 260, but in the same full-grown 
individual 380. 

Proportions, The diameter {v d) at the apex being 100, the ventral radius is 40 to 
45, the dorsal 55 to 60, the axis about 350 to 450. 

Phragmocone. Straight (or very nearly so), with a nearly circular section, the sides 
meeting at an angle of 22° to 24^; conotheca distinctly striated, the straight striae 
bifurcate toward the ventral region (Voltz) ; chambers rather shallow, numerous, their septa 
almost directly transverse. (See figures of great value in Voltz, pi. vii, fig. 2.) The 
depth of the chambers is one seventh of their diameter. The axis ends in a spherule. 

In a specimen from Ilminster the septa are traced in section through a length on the 
axis of the phragmocone equal to half that of the axis of the guard. These septa are to 
be counted to above 60 in a space of \\ inch, the anterior septa being broken off from 
their flanged extremities, and lost ; the flanged extremities remain on the ventral side. 
Broken septa occur within others which are not broken. 
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Localities. In Middle Lias (maristone), at TiltoD-on-tbe-Hill, Liecestersbire ; Cay- 
thorp, in Lincobshire, Belvoir Castle, and Oakham {PkiUipa). In Middle Lias (mari- 
stone), Ilmioster {Moore). In Middle Lias (maristone), Staitbes, Yorkshire {PhiUipe). 

ObiervaUoan. The history of this interesting Bdempite is contained in specimens 
from the maristone and Upper Lias, to which, as far as yet appears, its geological 
period is limited. Voltz, indeed, quotes a specimen from OoUte near Caen. The British 
localities are almost exclusively in maristone ; the foreign stations include Upper Lias, in 
Wurtemburg. Variations are sensible in the guard, in regard to the transverse section, 
which is sometimes a little compressed ; the general figure, which is occasionally a little 
swollen towards the apex, and sometimes bent upwards ; and the terminal grooves and 
striae, which latter on the dorsal and ventral faces are sometimes distinct and sometimes 
wholly wanting. Occasionally there are several of these, and in this case they may be 
due to decomposition of the laminsB. The lateral grooves are always short, and usually 
very distinct. In the interior the axis of the guard is more or less excentric than the 
proportions given above. The sides of the phragmocone, if not quite straight, as Voltz 




affirms, are nearer to straightness than is usual when the axis is excentric. In D'Orbigny's 
fig. 5, the phragmocone is more incurved than is at all usual. Natural sections lengthways 
of this Belemnite are rather frequent in the ventro-dorsal plane, which, near the apex, is 
sometimes marked by a real fissure. 

Mr. Moore's lai^e collection of these Ilminster Belemnites contains phragmocones iix 
different conditions of exposure, from which several facts of ioterest can be gathered* 
as the accompanying diagrams (19, 20) may show. 
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DUGRAM 20. 






In the first place, some traces of growth lines appear on the alveolar cavity, and thin 
layers adhering to the conotheca, which indicate the terminal edge of the guard to have 
been in the form seen sideways at /, dorsally at d, and in front at v (Diagram 20). Next 
the conothecal surface itself shows the structure lines ; the dorsal aspect as in (f , the side 
aspect as in T, enlarged in T; and the ventral aspect as in xl (Diagram 19). The 
points to remark are the bifurcation of the arched side lines in /'' before passing over the 
front in xl' ; the numerous transverse striae in v' are from 6 to 8 to each concameration ; 
and the undulated outline which the phragmocone deprived of conotheca presents (Dia- 
gram 1 9 v') The transverse striae in v' are not so numerous in the smaller parts of the 
conotheca ; there are only ver}' faint longitudinal medio-dorsal lines ; the siphuncle makes 
no distinct appearance externally. The sides of the phragmocone are nearly straight ; it 
is terminated by a distinct and rather large spherule. The angle is about 20° (19° to 
23°) ; the cross section 9 nearly circular. The excentricity of the alveolar apex variable, in 
some specimens very slight. A gentle retral wave in each septum on the siphuncular line. 



Belemnites apicicuevatus, BlainviUe. PL VI, fig. 16. 

Beference. Belemnites apicicurvatus, Blainville, ' Mem. sur les B61emnites,' p. 76, 

pi. ii, fig. 6, 1827. 

Guard. Elongate, compressed, smooth. Alveolar region compressed, expanding towards 
the aperture ; apicial region convexo-conical, obliquely inclined or even bent towards the 
back, marked by two latero-dorsal furrows, extending a short distance from the summit, 
and two still shorter, terminal, latero-ventral grooves. Between these four grooves are 
often sharp short plaits. In very perfect specimens the whole apicial region is minutely 
ornamented by longitudinal striations, which near the apex are straight and even con- 
tinuous, but elsewhere undulate and anastomose. The anterior part of the alveolar region 
is sometimes roughly striated. Of the plaits at the summit^ the medio-ventralis often 
very short and sharp. 

Sections show the apicial line almost straight, nearer to the ventral face ; the succes- 
sively superposed laminae of growth very distinct, the fibres faint, oblique, and somewhat 
curved near the apex ; the substance honey-yellow spar. The ventral region is generally 
broadest, the sides of the alveolar portion are usually flattened. This species sometimes 
caracks naturally along the lateral faces. 
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Greatest length observed, 5*5 inches ; greatest diameter, 0*85 ; axis of guards 4 inches. 
Proportions. The diameter [v d) at the alveolar apex being 100, the ventral radios 
is 37 to 40, the dorsal radius 60 to 63, the diameter from side to side 88, axis 450 to 600. 

Phbaomooonb. Oblique, incurved ventrally, with oblique septa, and an elliptically 
compressed section ; the dorsal and ventral faces (curved) inclined at an angle of 29^, the 
lateral faces (straight) at 25°. On the alveolar shell the dorsal region is defined by a 
somewhat prominent longitudinal line. If the diameter [v d) of the largest chamber be 
taken at 100, the diameter from side to side »- 90, the depth of the chamber «» 12, and the 
longest side of the alveolus 300. The axis of the phragmocone >» half the axis of the guard. 

Localities. The Belemnite-bed, base of Middle Lias, at foot of Golden Cap, lijme 
Regis {Miss Anning). Cheltenham {Strickland). 

Observations. Described by Brongniart as firom Lyme Regis in 1826. It has been 
referred by D'Orbigny to B. compressus of Blainville, but its true affinity is to J?. 
elopffatus, as given by Sowerby, and to B. paxiUosus of Voltz. It varies as to the degree of 
lateral compression and as to the terminal plaits and stris. 

Belemnites elongattjs, Soicerby, PI. VII, fig. 17. 

Reference, Sowerby, *Min. Conch./ p. 178, t. 590, fig. 1, 1828. 

Quenstedt, 'Cephal.,' p. 402, t. 24, fig. 3, 1849. 
Huxley, in * Memoirs of the Geological Survey,' Monograph II, pi. i, 
figs. 2, 3, 1864. 

Guard. Rather compressed, cylindroidal about the apex of the phragmocone, thence 
tapering in regular sweep to the acute-angled point, and expanded towards the aperture; 
dorso-lateral grooves distinct for only one fourth or one third of the length of the axis, 
thence obscurely prolonged into the somewhat flattened sides ; small plaits, striations, and 
granulations on the surface, especially near the apex ; no ventral furrow ; axis a little 
excentric, most so at the apex of the phragmocone. 

Sections show the axis excentric, within a slightly oval outline, and nearly straight. 

The largest individual yet observed is the fine specimen figured by Sowerby, and now 
preseiTcd in the British Museum, which is complete from the apex to the last or nearly 
the last septum of the chambered cone, and measures lOj inches in length. Of this the 
axis of the guard is about 3 inches, that of the phragmocone nearly 8 inches ; longest 
diameter of section at the apex of phragmocone, 0*9 inch. My smallest specimen from 
Lyme Regis measures OSS inch diameter, and 1*65 long. 

In this young individual the lateral grooves are quite distinct, and continued to the 
acutely tapered apex ; two striae appear on the dorsal aspect at the apex, and one small 
plait on the ventral aspect. 

Propor lions. Taking the dorso-ventral diameter at 100, the ventral radius is 40, the 
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dorsal radius 60, the transverse diameter^ 94; the axis of the guard is about 300> 
but is more or less according to age and range of natural variation. In my smallest 
specimen the axis of the guard is 345. 

« 

Phraghocone. Excentric ; transverse section a little oblong, longitudinal section a 
little incun'ed, angle 25°. 

LocaliHea. Crick Tunnel, specimen figured [Sower by). Belemnite-bed, Lyme (Z>fly, 
Etheridge). Cheltenham {Strickland). I have not seen this species in the strata of the 
Yorkshire coast. 

Observations. There is no certain knowledge of the specimens which served Mr. 
Miller for the type of this species, nor is the figure which he gives, or the description 
which accompanies it, at all critical. In fact, they have been interpreted so variously, 
and referred to so many difierent species, as to be of little or no authority. No grooves 
are mentioned on the guard, which is merely described as ''slender, tapering to a conical 
point." The figure of Mr. Sowerby is taken from a fine specimen now in the British 
Museum, and gives a good general representation of the fossil. The description, how- 
ever, is not only incomplete, but inexact on an important point. *' Slender, cylindrical 
in the middle, gradually expanding to a broad base one way, and tapering to a point the 
other ; round, bX\A, free from furrows ; the chambered cavity two thirds of the length of the 
shell." The localities quoted are Charmouth, Bath, Crick Tunnel, all in the Lias. Instead 
of being " free from furrows," the specimen has the usual two dorso-lateral grooves near 
the apex clearly defined ; on the ventral aspect at the apex is a little elevated plait, but no 
furrow. By these characters it belongs to the natural group of the "pawillosi ;'* the 
section of the guard is not quite round, even in old specimens, but always a little com- 
pressed, often sensibly so when young, with an excentric axis ; the apex is more acute 
than is usual with B. paxiUosus, and the phragmocone is very much more extended than 
in that species. 

The figure given in the monograph of the Geological Survey, already referred to, 
agrees with the specimen in the British Museum and with several in my own collection 
sent me from the " Belemnite Bed " of Lyme Regis by Miss Anning. For the drawings 
on Plate VII, which represent the original specimen in the hands of Sowerby, I am 
indebted to Mr. H. Woodward. Adopting the specimens preserved in the British Museum 
and in Jermyn Street for types of the adult, I have attempted, chiefly by help of the spe- 
cimens in my own drawers, to trace the younger forms, and determine the limits of varia- 
tion to which the species is subject ; but I am not sufficiently provided with specimens, 
especially for sections. 

In a specimen from Upper Lias, in my collection, which has the distinct lateral grooves 
and the external characters of B. ehngatus, there is a small, narrow, deep, stria on the 
ventral aspect, close to the apex, and another on the opposite dorsal aspect. In another 
example, also from the Upper Lias, and in my collection, both the dorsal and ventral sur- 
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faces are distinctly marked with one stria from the apex, so that if these be regarded as 
furrows, the apicial region is quadri-sulcate. The apices are in each ease more pointed 
and more recurved than is usual with JB. paaniioatu. A longitudinal section of the former 
specimen shows the axis of the guard most excentric at the apex of the phragmocoae, and 
the youngest (included) forma to have been relatively much shorter than the older. 

In the accompanying sketches (Diagram 21) the smaller one shows the proportions of 
the sheath in the youngest traceable form of this specimen ; the larger shows a middle-age 

DUORAH 21. 



form {b) included in a third a full-grown specimen, whose probable extension is given. 
In the three cases the proportion of the axis of the guard to the normal diameter (v, d), 
taken at 100, is 140 for the youngest, 260 for the middle-age, 300 for the full-^rown. 
The proportion of the whole length of the guard to the contemporaneous length of the 
axis is in the first case 360, in the second 180, and in the third (inferred, not measured) 
it is nearly the same. In the first case the length of the whole guard is to its greatest 
diameter about as 200 to 100, in the second about 350 to 100, and this proportion is not 
materially altered with further growth. 



EXPLANATION OF PLATE 1. 

Fio. 

1. BeLBMNITBS ACUTU8. 

d. Dorsal aspect. 

/. Lateral aspect The groove here seen is seldom so distinct. 

V. Ventral aspect. 

8. Section from the back to the front. The alveolus is excentric, and is ex- 
panded by compression : v, ventral ; d, dorsal portion. 

J, J. Young specimens, showing their elongate form. 

a. Apicial portion of the g^ard, showing striation, which is not usual, and is refer- 
able to decay. 

s". Transverse section at the apex of the alveolus, showing the greater breadth of 
the ventral region, which, however, is here somewhat broader than usual. 

2. Bblbmnites penicillatus. 

d. Dorsal aspect. 
l\V\l"\ Lateral aspect; /' and f" show lateral grooves and terminal striae. 
These grooves are seldom quite untraceable, though they do not appear in 
r, a younger specimen, which, however, is more striated, and at the apex 
umbilicate ; these appearances in T are due to partial decay. 

r. Ventral aspect. 

s'. Longitudinal section, showing the straight-sided central alveolus. 

s' Transverse section, showing the elliptical section of the alveolus and the 
flattened sides of the guard. 

s" Transverse section of the guard, showing the central axis. 

3. Bblbmnites infundibulum. 

d\ d\ d'\ Dorsal aspect, showing the usual striae, which are enlarged in <r. 
/', I". Lateral aspect, showing the usual inflexion of the apex. 
V. Ventral aspect, on which the striae are usually shorter. These striae are 

not due to decay, but to original formation, 
s" Transverse section, nearly round, or subquadrate, or a little oval, accord- 
ing to the specimen and the place of the section. 
<r. Enlarged striae. 
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EXPLANATION OF PLATE II. 

Fig. 

4. Bblemnitbs excavatus. 

V. Ventral aspect. (Prof. Phillips's specimen.) 

/. Lateral aspect ; d and v mark the dorsal and ventral portions. The apex of 

the alveolar cavity is between those letters. (Prof. Phillips's specimen.) 
s. Longitudinal section, showing the very thin sheath and very deep and 

ample alveolar cavity. (Dr. Buckland's specimen.) 
8\ Transverse section across the alveolar cavity and guard. (Prof. Phillips's 

specimen.) 

8" Transverse section of the same specimen near the apex. 

• 

5. Belemnites calcar. 

/', r. Lateral views of the specimen belonging to the Geological Survey (No. 612). 
d. Dorsal view of the same. 
s. Transverse section of the same, 
s. A rather oblique section across the alveolar cavity, in consequence of which 

the sheath appears thicker towards the apex than it would appear on a 

truly axial section. • (Oxford Museum.) 
/'" Lateral view of a specimen supposed to be of this species. Geological 

Survey Collection (No. 613). 

6. Belemnites dens. 

/. General figure, seen laterally. The specimen is compressed, as may be seen 
by the transverse sectional outline, s\ 
The striae are seen magnified at <j and a\ 



EXPLANATION OP PLATE IIL 

Fro. 

7. Bblemnites clavatus. 

t. Lateral view of a young specimen. I now possess much smaller specimens. 

t' . Lateral view of a slender elongate individual. 

t" . Lateral view of a specimen which shows the furrow distinctly. 

P", Lateral view of a more claviform variety. 

V. Frustum, showing the grooves. 

V, Fusiform variety. 

/^. Larger individual, indicating that still larger examples should be looked 

for, showing less of the retral sweUing. 
s, 8. Longitudinal sections. One shows the phragmocone in connection with 

the guard, 
s'— 8\ Transverse sections at several points; the crossing the alveolar cavity, 

the last near the apex of the guard. 

8. Bblemnites comprbssus. 

t . Lateral view. At the central point between d and ^ is the apex of the 

alveolar cavity. 

/''. A large individual. 

/'". Specimen very blunt at the end. 

V", Malformation, 

rf. Dorsal view, 

t?'. Ventral view of specimen /', showing a short ventral groove in the alveolar 

region. 
v'\ Ventral aspect of specimen /". 
8. Longitudinal section, to show the central alveolar cavity and axis of the 

guard, 
s'. Section across the alveolar cavity. 
8". Section across the guard. 
8'". Worn and umbilicated end of a specimen. 
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EXPLANATION OF PLATE IV. 

Fig. • 

9a. Bblbmnitbs brbviformis, var. a (par. a, Voltz), from Lyme Regis. 

V, Ventral aspect. 
/. Lateral aspect. 
V. Transverse section. 

9b. Bblbmnitbs brbviformis^ var. a (var, a, VoUz)^ from Gundershofen. 

V. Ventral aspect. 
/. Lateral aspect, 
s'. Longitudinal section, showing a nearly straight axis of guard, and a spherule 

at the apex of the phragmocone. 
s". Section to show the form of a very young individual. 
s'^'. Shows the spherule, 
s''". The terminal laminae of the guard. 
8. Transverse section, showing a slight ventral flattening. 

10a. Bblbmnitbs brbviformis, var, P (var. b,c, Foltz), from Prees, Salop. 

d. Dorsal aspect. 
/. Lateral aspect, 
r. Ventral aspect. 

10b. Bblbmnitbs brbviformis, var, y, from Ilminster. 

d. Dorsal aspect. 

/. Lateral aspect. 

s'. Section across the alveolus. 

8\ Section across the guard, near the apex. 

10c. Bblbmnitbs brbviformis, var. y, from Alderton. 

d. Dorsal aspect. 
V, Ventral aspect. 
/. Lateral aspect. 
8. Longitudinal section. 
s\ 8'\ Transverse sections. 

IOd. Belemnites brbviformis, var, y. 

I, Lateral view, and d, dorsal view, of a specimen from Glastonbury. 
8. Longitudinal section of a specimen from Eston Nab, in Yorkshire. 
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EXPLANATION OF PLATE V. 



Fig. 

11. Bblemnites GiNGENSis (Oolite). 

V. Ventral aspect of a specimen from the lower part of the Inferior Oolite of Dundrj-. 
/. Lateral aspect, 
s. Longitudinal section. 
/. Flanges of the phragmocone. 
T. Siphuncle crossing the septa. 
^\ Same, enlarged. 

12. Belbmnitbs insculptus (Oolite). 

/',r. Lateral views of two specimens from the lower part of the Inferior Oolite of 
Dundry. 
V. The ventral aspect, 
s. Longitudinal section. 
8\ Transverse section across the alveolar cavity. 

13. Bblemnitb from the Lias, allied to B. imculptu^. 

d. Dorsal aspect of a specimen from the Lias of Lyme Regis. 

t. Lateral view of the same. 

V\ Lateral view of a different specimen, with a very short axis to the guard. 

a. View of the end, to show the two distinct grooves. 

14. Belbmnitbs latisulcatus. 

/. Lateral view. 

V. Ventral aspect. 

%. Section across the guard, through the alveolar cavity. 



of specimen with eroded and striated apex. 



EXPLANATION OF PLATE VL 

Fig. 

15. Belemnitbs paxillosus. 

/. Lateral view, 

V, Ventral aspect, 

d. Dorsal aspect, 

s. Longitudinal natural section of the guard, with a portion of the phragmo' 

cone not in section. Natural sections are frequent in this species. 

s\ Longitudinal section of a younger individual. 

s'\ Transverse section of the guard at the apex of the alveolus. 

8'\ Transverse section of the guard near the end. 

0. Phragraocone, seen laterally. 

16. Belemnites apicicurvatus. 

/. Lateral view, showing the short groove near the point. 

V Ventral aspect. 

d. Dorsal aspect. 

8. Longitudinal section. 

8. Section across the alveolar region. 
.s'\s^\s\ Sections nearer and nearer to the end. 

<p. Side view of the phragmocone, always more arched than in B. paxillosus. 

a. Stride magnified. 
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EXPLANATION OF PLATE VIL 

Fig. 

17. Belemnites elonoatus. 

/. Lateral view (right side) of the specimen in the British Museum (d — v^ the 
place of the apex of phragmocone. 

l\ The opposite side of the same towards the point. (This iigure is accidentally 
reversed, so as to appear to be the right side.) 

V. Ventral aspect of retral part of guard. 

d. Dorsal aspect of the same. 

8, View of a septal plate, showing the siphuncle at t?. 

s\ Transverse section near the apex. 

s"\ Transverse section still nearer to the apex. 

a. End view of the apex of guard. 
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ADDENDA et COEMGBNDA. 



PL XY, figs. 7, 8, for Ogygia aubduplicata read Fhaccps tubduplicatus. 
PL XVII, fig. 8, for O. pelatata read O. peltata. 

PL XX. The heading should be " TJppebmost Cambbian (Tbbmadoc)." 
PL XXII, fig. 6, belongs to A, peltaates. 
PL XXIII, fig. 6, description. Add : (Mr. Edgell's cabinet). 
PL XXVIII, fig. 16, for L (Btnula read /. (Pmulus. 

Page 129, line 3 from top, and passim, for antice read antk, and tov postich vetAponh, 
Page 130, after description of Ogygia angustissima, add : '* This may be but a sub-species of O. Buchii, 
with a very narrow long axis. There is a more important var. common at Llandeilo, which has a wider, 
shorter tail, and might be caUed var. convexa. It has only 11 lateral furrows to the tail; and is 
characteristic apparently of the Lower, as O. Buchii proper is of the Upper beds of the Llandeilo Flags. 
(Edgell)." Line 10, dele " Ogygia** It is surely a Fhacops of the section Chasmops, as indicated ; 
correct therefore the name on the plate. See aboye. 

Page 132, bottom. Add : Meadow Town, Shropshire : Cabinets of Mr. Morton of Liyerpool, and of 
Mr. H. Wyatt Edgell. See also page 160. 

Page 133, Ogygia scutatrix, also page 135, Ogygia peltata, I must amend these descriptions (p. 133 
— 136), by referring PL XVII, figs. 9, 10, which from, the width of the axis I had assigned to O. seu- 
tatrix, to O. peltata. In truth, they represent the $ form of the latter species, with which they occur 
at Whitesand Bay. A noble series, lately transmitted to me by Mr. Henry Hicks, show the distinctive 
characters of O. peltata in both the broad ( $ ) and narrow {^) forms. 

In the broader form the axis of thorax and tail is ^ths the whole width ; and the fulcrum of 
the thoracic rings, which our figure 8 (copied from the yet unpublished memoir on North Wales by 
Prof. Bamsay and myself) scarcely shows at all, is placed f ths out fi^m the axis, and terminatesa short 
distinct facet upon the falcate tip, as shown in fig. 9. The tail has the axis reaching |ths the whole 
length ; and its width in one form is ^ths, in another barely ^th, of the whole width of the tail. The 8 
or 9 cross furrows on the axis are only strong on the sides, leaving the central part only faintly ringed. 
The side-furrows are like our figure, and have but faint intermediate lines or furrows. The fascia or 
inner border is coarsely striate. 

Page 133, lines 9 and 12 from top, for axin read axem. Line 11 from top, for secondariis read 
secundariis. 

Page 135, line 9 from top, for secondariis read secundariis. 

Page 134, bottom. Add : " Lower Tkemadoc," Carnarvon Bead, 1^ mile west of Tremadoc 
(Mr. Homfray). 

Pages 136 and 142, et passim, for brevispinoso read hrevi-spinoso ; for reirocurv<B read retro-curvce. 
Page 143, line 8. Also Mr. H. W. EdgelFs cabinet. 

Page 160, line 25. The labrura figured probably belongs to " A. peUastes ;'' as a sjaonym for which 
I should have quoted " Decade 2, Geol. Surv., pi. v, figs. 2, 4." They are reproduced in our PL XX, 
which see. 

Page 153, line 29, dele " Abereiddy Bay," and insert Llampeter Felfrcy.'* Line 5 from bottom, for 
' cognota* read ' cognita* 

Page 154, line 19, for " Llandeilo Flags ?" read "Caracfoc." Line 7 from bottom, for * basin* read 

'btuim: %•' 

Page 156, line 7, for ** Shropshire" read * HordeH^^V t^© species is local there. 
Page 158, note. There has since been found reasdh to suppose the specimen quoted is really an 
American one, not British. 

Page 162, line 22 from top, strike out * cujus* 

Page 164, line 8 from top, for * cujuu caput rotundatum* read * capite rotundato,* 

Page 168, line 12 from top, for * Wrac* read * Wrae.* 

J. W. S. 
March 12th, 1866. 
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Bfd-epeciea I. 

OOTGIA AM0DSTIS8IHA, D. Sp. PI. XIV, figS. 8, 9. 

0. ovata, antice ohtuaa, parva, 17 lineaa longa, 13 lata, capite fy-ansverso, axe angua- 
Hsaimo. Omnina O. Buchii aimiUima, nisi glaheUd tertiam partem latitudinia genee via 
e0ciente ; margine antico capitis obtuso truncato .- axe thoracis caudceque pleuris ter 
anffuatiore. 

I cannot believe this to be a mere variety of 0. Buchii, though it does approach very 
near in character to young male specimens of that species. 0. angustissima has so extremely 
narrow an axis, and so broad, transverse, and truncate a head, that, whatever may have 
been the ' origin of the species,' there is sufficient difference in this to a£ford us a good 
diagnosis. The specimens are in the choice cabinet of Mr. Griffith Davies, of 17, Cloudesley 
Street, Islington. 

Locality. — Llandeilo Flaqs. Gilwem, near Llandrindrod, Builth. 

To show how these Llandeilo trilobites are occasionally maltreated by cleavage, I 
give a woodcut from a specimen of 0. Buchii in Mr. Henry Hicks' cabinet. It was 
found at the east end of the section of vertical slate-rocks in Abereiddy Bay, Cardigan- 




Onjia BmekU, dUtortad bf deinfa } pam tbe tertinl bUck tltta of Abereidd; B«]p, Ctrdigaatfalre. 
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shire. The arrow indicates the direction of the pressure, which has shortened all the 
parts ; and the wrinkles on the surface are in the mean direction of that force, which 
was undoubtedly, as Prof. Phillips, Prof. Haughton, Mr. Sharpe, and others have shown, 
the cause of this common phenomenon in the slaty rocks. Lateral pressure, acting on a 
confined plastic mass, is quite sufficient to produce such effects ; and has, indeed, been 
proved by experiment to be equal to the result. Mr. H. C. Sorby has philosophioally 
illustrated this change of dimensions in the rock, which is noted here the more par- 
ticularly, as our future plates will show several species of trilobites affected by it. 

r 

Ogtgia ? (vel Phacops) subduplicata, Salter, PI. XV, figs. 7, 8. 

0, Cauda lata semiovatd^ mbtrigond, \\ unciam longd^ fere plana, cosHs perdu- 
plicatia. Axis conicus, per | cauda extensuSy apice promintdo IS-annulaio, anmdis 
anticis ahrupte angulatia. Costa later ales 9, marginem angustiasimum fere attingentes^ ad 
apices decurvata, omnino interlineata, sulcis posticis conniventibm, ultimis profundis 
parallelis nee ahbreviatis. 

Although placed in Ogygia, from its general resemblance to that genus, I confess to 
a strong suspicion that this is a Phacops of the section Chasniops, and as such it should 
have been/ previously described. The strong posterior furrows, with their connivent 
intermediate sulci (or rather it is the intermediate ones which are the longest and deepest), 
strongly remind us of some Ogggia ; while the character of the axis, with its arched and 
duplicate anterior rings, is much more like that of Chasmops (see PL IV, fig. 19). 
Moreover, it is more likely that this should be a lingering species of the latter subgenus, 
than that Ogygia should reappear in the Lower Llandovery Rocks, while it is absent 
from the Caradoc. 

Locality. — Llandovery Rocks of Haverfordwest, Pembrokeshire. The specimens 
are in the small but excellent collection of Mrs. Breawell, of Cambridge Terrace, 
Brighton ; relict of H. Day, Esq., formerly of Hadlow, Uckfield. 



Ogtgia (Pttchopyge^) corndensis, Murchison. PI. XVI. 

AsAPHUS C0Rin>Ei)sis, Murchison, Silurian System, pi. xxv, fig. 4, 1839. 

— — Salter. Morris's Catalogae, 2nd ed., p. 100, (List at end of 

Jaaphus,) omitted in p. 112; 1854. 

— — Id. Siluria, 2nd ed., pi. iii, fig. 4, 1859. 

0. obtuse ovata, 3 — ^unciaUs^ capite lato semicircidari, spinis parallelis. Glabella 

^ Ptychopyge, Angelin, consists of those species of Ogygia which have the facial suture within the 
margin in front. O. corndensis certainly belongs to it. I do not know sufficiently the structure of other 
species to subdivide the genus. 
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ureeolata, antice davata, lobis obscuris. Oculi modici, circumscripti. TAoraw articulis 
reeiia, fidcro remoto^ stUco pleurali profundo^ apicibus obttms. Cauda axe prinmm 
comco, dein paraUelo, l^S-costato, lateribus S-costatis, costis rotundis rectis simplicibus, 
ad marffinem striatum concavum undidatis. 

The cabinet of Mr. Griffith Davies, of Islington, has for several years contained a fine 
series, from Builth, of this Trilobite, which has been so long obscure, from the very 
imperfect specimen figured in the * Silurian System/ Mr. James Sowerby's figure showed, 
indeed, that it was distinct from the Ogygia Buchii; but its characters could not be 
fully known from the fragment figured. The exact age of the Comdon mountain, 
relatively to the trappean beds of Builth, may now probably be determined from this 
single fossil. 

It is a large species ; occasionally 4 finches by 3^, depressed, but not flat; of an obtuse 
oval shape, with rather blunt extremities in the ? form (figs. 9, 11), or with the head 
somewhat pointed in the o varieties (figs. 1, 7). I will describe the broader form first. 

Head a broad segment of a circle, the length being to the breadth nearly as 2 to 5. 
Of this breadth the glabella occupies more than a third and less than a fourth ; it is 
urceolate in shape, being broad below, contracted at the sides rather bdow the eye, and then 
again clavate above. Traces of two short furrows only on each side (the three upper 
ones are obsolete in the adult), the lower one obUque 5 — it is the neck-furrow, incomplete 
in the middle, but marking off a much broader segment t)eneath the glabella than below 
the cheeks, where the furrow is strong and continuous. 

In front the blunt glabella invades the striated margin, which isr here narrow, but very 
broad round the cheeks, and produced behind into an abruptly narrowed spine, which 
reaches the sixth thorax-segment in the adult ; it is shorter in the young. The eye is 
rather small for the genus, placed fully half-way up the head, near the glabella, and over- 
hung by it ; a depressed space surrounds it. The facial suture cuts the posterior margin 
rather more than half-way out, and in front it circles round the glabella (intra-marginal) . 
The labrum (fig. 10) is pointed, with two pairs of furrows, and a broad arched base. It 
is also visible in fig. 9. 

The glabella-furrows are strongest in young specimens, and get partly obliterated in 
age. In some young ones four pairs of furrows show clearly; the two Upper ones directed 
obliquely backwards towards the eye, the middle one obliquely forwards, the basal one (neck- 
furrow) direct across. Besides these there is the narrow marginal furrow frequent in 
the genus, and which probably marks out the articular area on the under surface of the 
crust. All the glabella-furrows are short and shallow, except the hindermost pair, which 
are deeper, and show in every specimen of all ages. 

Thorax with a wide axis, less than one third the whole width, the rings straight 
across, and ornamented with coarse arched striae. The pleurae straight, scarcely bent at 
the remote fulcrum, very deeply grooved and strongly facetted ; the apices blunt and 
rather tumid. The fulcrum is about half-way out in all but the front rings. 
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Tail semicircular, but with rather straight sides and a broad, coarsely striate margin, 
which is waved by the strong lateral furrows. The axis narrows abruptly from a conical 
base, and is then parallel-sided ; reaching nearly to the end of the tail. It is 9-ringed, 
and has, besides, a blunt terminal portion, and no appendix beyond. The sides have 
eight furrows, strong and deep, and rounded at their ends, reaching to the striated 
border, but not the margin ; the upper or marginal one much the strongest and deepest. 
The ribs are rounded, very convex, quite straight, radiating, and without any dupUcations. 
In the tail of young specimens, however, a faint dupUcation is observable in the forward 
ribs, and only on the forward edges of these ribs, making them angular instead of 
rounded. The whole surface of the tail is minutely granular ; of the glabella, apparently 
punctate.^ 

Variations. — ^There seem to be the usual ''forme tongue' and ''forme large*' in this 
as in other species of Ogygia. Our principal specimens (figs. 9, 11) are of the broad 
form, and the smaller ones (figs. 1, 7) of the narrower one. Figs. 1 and 7, which are 
probably cf forms, have the head i^uch more pointed, forming a gothic arch, and the 
miargin in front of the glabella much broader than in the female form ; the glabella is 
more pointed and clavate in front. The thorax, too, is relatively narrower, and the tail 
a semicircle, but with somewhat straight sides. Young specimens do not differ much 
in proportion or shape from older ones, except in having the tail more triangular (fig. 7), 
and with a narrower axis, the number of ribs in the tail remaining the same. But very 
young ones (figs. 5, 6) show the metamorphosis. Fig. 5, which is only two lines long, 
has clearly but six rings, and fig. 6 has only seven rings, besides having the cheeks 
contracted at the base of the spine, which is also more divergent than in the older 
form. This last character may be accidental in this specimen, for somewhat older ones 
(figs. 2, 3, 4) show the spines more parallel to the body, and the cheek not contracted 
at this part. 

The appearance of a reduced number of body-rings is often due to accident. In fig. 
4 the body has slipped under the carapace, so that on the left side there are seven rings, 
and on the right hand only four. But this is not the case in the two youngest specimens 
just quoted, which have six and seven rings respectively. 

Locality, — Llandeilo Flags, Gilwem, near Llandrindod, Builth. All the specimens 
figured are in the collection of Mr. Griffith Davies, of Islington, except fig. 8, which is 
Murchison's original specimen from the Corndon Mountain W. side (Mus. Geol. Soc.) 



^ A delicate lineation occupies the whole of the axal-lobe of the thorax, and the outer half of the 
pleurae is much more strongly marked with it than the inner. The concentric lineation of the tail-border 
is very sharply defined, in a rather narrow band, the lines abutting obliquely, as usual, against the inner 
edge. 
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Ogtgia 8CUTATBIX, Salter. PL XVII, figs. 9 — 13 (9, 10 are wrongly marked as 
0. peUata on the plate). 

Ogtgia scutatbix, Salter, In Silaria, 2nd ed., p. 53, woodcat 9, fig. 1> 1859. 

— — Id. Append. Ramsay, Geol. N. Wales; Mem. Oeol. Survey, 

▼ol. iii, 312, pi. iz, fig. 1, and pi. yiii, fig. 8, and plate 
ix, fig. 1, 1866. 

0. septuncialis, fere rotunda I vel latissime elliptica, depressa. Caput ? — . Thorax 
Cauda hreviory axe lato ; pleuris longis axin \\ superantibua, profunde sulcatis, a fvdcro 
{ultra dimidium posito) pauUo dejlexis. Cauda quam semicircndari latior, axe lato 
8 — d-annulato; limbo stdcia primariis 1 — S, ad apices fractis ; secondariis rectis profundis 
haud axin attinffentibus. 

I well remember finding this large specimen in 1853, together with the Amphus ajffinis 
hereafter to be described. They were on the face of a good slate fence in the valley 
behind Garth, Portmadoc ; and were the harbingers and first fruits of the fauna, then 
unexplored, of the Tremadoc Slates.^ The large size and round contour of 0. scutatrix 
distinguish it easily from any other of the genus. The specimen is in the Museum of 
Pract. Geology : it may have been a little altered in form by the pressure accompanying 
cleavage ; but in the figure some allowance is made for this. If not sufficiently so, 
still the form must have been a very wide and rounded one, and can scarcely ever 
have had the shape of the species next described, although it is evidently closely allied 
to it. 

Length 7 inches ; the breadth fully 6 inches. Of the head we have only a single 
specimen, in Mr. Lee's collection (fig. 10); and it is from a different locality and 
formation. It appears to be very short and broad, with a wide urceolate glabella, a 
broad striated margin, a small forward eye, and a wide labrum, with a narrow arched base. 

The body is four fifths the length of the tail, and of eight widely transverse joints, 
with a broad axis, which is not convex, but sharply defined, and is more than two thirds 
as wide as the flat pleurae. These are deeply grooved, the groove much curved at its 
origin and bent (as are the pleursB) at the fulcrum-point. This occurs at about two 
thirds out ; it is rather more remote in the front rings. The anterior or fulcral half 
of the pleurae is much broader and less convex than the hinder part, which is angular, 
almost gibbous, beneath the fulcrum. From this point a strong oblique striation covers 
all the tips of the pleurae, corresponding to the broad-striated area which runs round 
the tail-border. The tips of the pleurae are truncate, the hinder end produced a little 
into an acute angle. 

* I am afraid I replaced the gate-post with somewhat insufficient material. A new Ogygia^ and 
that in a new and unexplored formation, was not to be resisted. The owner of the field must accept my 
apology ; and will oblige me much by searching for more complete specimens. 
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The tail, nearly semicircular in outline, is more than twice as wide as long. The 
axis broad, quickly tapering, reaching less than four fifths the length of the tail ; depressed, 
and with (apparently, for the extreme tip is lost) a blunt termination. It consists of 
eight strong rings, and a semicircular terminal portion. The broad side-lobes are 
grooved by eight strong primary furrows, interlined from near their origin by furrows 
as strong as themselves, but which commence very abruptly at a short distance from 
the axis, and radiate straight out, not bent (as are the primary. furrows) in a line corre- 
sponding to the fulcrum of the pleurae. A broad band of very oblique and wavy striae 
ornaments the border of the tail above, and beneath it the concentric striated fascia 
(fig. 12) has the striations wide apart. 

The labrum (fig. 13) is pointed abruptly, and seems to have two pairs of concentric 
furrows, but it is very imperfect in our specimen (fig. 13) from the Tremadoc Rocks. 

In fig. 10, which is from the Arenig group, the labrum is more perfect. It is as 
broad as long, and subquadrate in outline, the front much arched ; the base of attach- 
ment scarcely wider than the broad-winged sides; the notch above the short auricle 
somewhat acute. The concentric furrows are strong and double, the central part enclosed 
by them roundish and convex, and the apex (broken off) is connected with this central 
part by a raised space, and this elevation is sharply divided from the fl^t wings by 
longitudinal furrows. 

The hrgd size and round form of this fine species much recals that 0. Desmaresti, 
Brongn. (the 0. Brongniarti of Rouault), and well figured by the latter authority in the 
* Bull. Soc. Greol. France,' vol. vi, 2nd ed., pi. i. From that species the less width of the 
axis, the straight, not curved, pleurae, grooved nearly to their ends, distinguishes our rare 
fossil. From 0. Edwarddi (pi. ii, fig. 1, of the same work) it is distinguished by the fewer 
joints of the tail, and the less number of lateral furrows, all of which are duplicated. The 
pleurae, too, are curved in 0. Edwardsii, Rou., which in many respects closely resembles 
0, Desmareati. I do not know any species with which ours need be compared, except 
the following one, which at one time I thought identical ('Silm-ia,' 1. c, p. 53). 

Localities. — Lower and Upper Tremadoc Rocks. Lower Tremadoc— Carnarvon 
Road, 1^ miles W. of Tremadoc (Mr. Homfray). Upper Tremadoc. — North face of 
Garth Hill, at the mouth of the Traeth Bach, Merionethshire, opposite Portmadoc — ^in 
company with Angelina and many other fossils (Mus. Pract. Geology). Also Portmadoc, 
quarries in the town. The labrum (fig. 12) is from thence, and is in Mr. Ash's cabinet. 
Arenig group. — North-east corner of Whitesand Bay, St. David's, Pembrokeshire, figs. 
9, 10 (in Mr. Lee's cabinet). 
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Ogygia peltata, Salter, PL XVII, fig. 8. 

OoYGiA scuTATRix, Salter. Siluria, 2Dd ed., p. 53, Fobs. 9, f. 1, 1859. 

— PELTATA, Id, Append. Ramsay, Geol. N. Wales; Mem. Geol. Survey, 

▼ol. iii, p. 313, pi. xii, fig. 8, 1866. 

0. modica, vel caput, tAoracem, caudam aqualis. Glabella lata, lavis, sulda ntdlis. 
Thorax axe depresso, pleuris angmtior ; his usque ad apices fcdcatos nee decurvos planis^ 
simis; ftdcro obsolete. Cauda quam semicirculari longior^ dxe lato S-annulato; limbo 
sulcis primariis subrectis, secondariis abbreviatis. 

We have only portions of this fine species, but these enable us to reconstruct a fossil 
certainly four inches in length, of a broad-oval shape. Our fig. 8 is a copy of the figure 
in the ' Survey Memoir* above quoted. It is probably not of the full breadth, but nearly 
so ; and I have no specimen which more completely shows the true shape. 

The head, thorax, and tail, are nearly of the same length ; the head is somewhat, 
longer than a semicircle, with very short broad head-spines. It is widely margined ; and 
the glabella is well distinguished from the cheeks, and is of the same width with them, 
parallel- sided, reaching five sixths the length of the head, and without any distinct lobes 
except the neck-segment, which is strongly marked out. The eyes are large ?, placed half 
way up the head. The portion of the neck- furrow beneath the cheeks is much nearer to 
the posterior margin than that beneath the glabella, and abruptly so (see fig. 8). The 
striated margin to the cheeks is very broad towards the front. 

Thorax with a wide axis, not quite so wide as the pleurae, and somewhat narrower 
behind. The rings of the axis are very flat, and scalloped out at their junction with the 
pleurae, so that the axal-furrows in this (as in the preceding species) present a set of 
re-entering angles, with concave arches between them. The pleurae are flat, straight as 
far as the fulcrum, which is placed at two thirds out. The pleural groove is sharp and 
sigmoid in its curve, and reaches nearly to the falcate tip without any angular bend. It 
is parallel to the front edge, apparently more so than in 0. scutatrix, and the hinder half 
of the pleurae is rather the largest. 

The tail is a semicircle, the axis occupying rather more than a fourth of the entire 
width, and tapering backwards for nearly three fourths of the length. It is annulated by 
seven furrows, which, except the two or three last, stretch right across. The tip is blunt, 
and rather obscure. The sides are radiated by eight strong grooves, including the upper 
or submarginal one, which are all slightly bent downward near their ends, and are inter- 
lined by similar but much shallower furrows, which start abruptly (as in the last species) 
from a point near, but not close to, the axis. A plain smooth (?) border to the upper 
surface, and the incurved fascia narrow and closely striated. 

The specimens described are all from the north-west angle of Whitesand Bay, St. 
David's Head, and differ from the N. Welsh species last described as follows : — The form 
more elongate; the pleurae flatter, much shorter, and more pointed; the tail with a 
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narrower axis, and with less distinct interlineations to the sides. From JSarrandia 
Porttockii (see Fl. XIX), the much greater length of the axis^ and narrower glabella, will 
easily distinguish it. 

Locality. — " Arbnio group " of dark earthy slates at Whitesand Bay, St. David's 
Pembrokeshire, north of the reef called 7}ncyn htorddyn^ which is probably of the age 
of the Tremadoc Rocks. 



OoTOiA Selwynii, Salter. PI. XVII, figs. 1 — 7. 

AsAPHTJs Selwtnii, Salter, BeporU Brit. Assoc. Trans, of sect., p. 57, 1852. 

— — Id. In Morris's Catal., 2nd. ed., p. 100, 1854. 

Ogygia Sklwynii, Id. Append. Ramsay, Geol. N. Wales ; Mem. Oeol. Surrey, 

Tol. iii, 313, pi. ix, figs. 2—6, and pi. II b, fig. 5, 1866. 

0. eUiptica plana, triuncialis, capite brevispinoso ; glaheUd oblongd, penis anffustiori. 
Sulci fflabeUares brevissimi. Ocidi magni. Thorax pleuris a ftdcro remoto decurvis. 
Cauda axe anguatOy longiconico, 6, 7-sulcato, apice prominulo ; lateribm l-suJcatis, sulcis 
brevibuSf obscnris, interlineatis. Fascia latissima, striis confertis. 

A species of more than ordinary interest, since it was the first true indication of the 
fauna of the great group now distinguished in Britain under the name of the " Arenig or 
Skiddaw group.*' A solitary fossil, found by Prof. Sedgwick and myself in 1844, proved 
different from all other Lower Silurian species, and characterised a particular set of strata, 
which were successfully compared with the rocks west of the Stiper Stones, by means of a 
specimen of this same species. Such exact indices are our friends the Trilobites of age 
in the Palaeozoic Rocks.^ We have specimens from three localities, viz., Hengwrt Uchaf, 

four miles north-east of Dolgelly, and we figure the original small 
Fig. 31. specimen (Fig. 81); from S. Carnarvonshire; and lastly from near 

Chirbury, Shropshire. The latter are by far the finest specimens, and 
our larger figures are taken from them. Mr. Lightbody has lent some 
Ogjfffia Sekcynu. fragments of the head, and our restored figure (PI. XVII, fig. I) is 
from Do^cUy*" partly made from these, and partly from others in the Museum of Prac- 
tical Geology. 
The head is broad, semi-oval, an inch and a half broad or more in Shropshire specimens, 
and broadly margined. The oblong glabella is distinct all round, depressed, gently 
clavate in front, and contracted at the sides, but otherwise parallel-sided ; with a large 
upper lobe and three very short lateral lobes, which do not reach even one third across 
the glabella (fig. 2), the lower pair largest and somewhat oblique. Eyes large lunate, 
placed less than half-way up the head. The facial suture cuts the margin more than 

1 The " Skiddaw group " has since proved rich in Graptolites, and these enahle us to compare it 
with the Quehec group of America and the black slates of Melbourne. But Ogygia Selwynii was the first 
step in the comparison for the whole series. 
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half way out, but not very near the short spinous angles. The glabella reaches and 
invades considerably the front margin, so as to leave it very narrow in front ; on the 
sides it is rather broad. The neck-furrow is indistinct. Labrum as broad as long, 
obtusely pointed, with strong concentric furrows. 

The thorax, of eight narrow well-defined segments, is not quite so long as either head 
or tail, which are equal. The axis is well defined, gently convex, not quite two thirds 
the width of the pleurae. The latter are flat as far as the fulcrum, which is placed half 
way out, then bent down ; the pleural groove very shallow, except beyond the fulcrum, 
where it is deeper. 

The tail is rather more than a semicircle, ten lines long by sixteen broad. The axis 
narro.Wi and tapering, not reaching quite three quarters the length of the tail (in the 
smaller Welsh specimens it reaches fully three fourths). It is annulated by six or seven 
furrows above, the upper one often strongest, the rest faint. The sides of the tail are 
marked by seven shallow short furrows, which do not reach to the depressed border, and 
the upper one of these also is the strongest. The broad margin is flat or slightly 
concave. The incurved fascia is very broad, folding over the tip of the axis, and closely 
striated. Young specimens (fig. 3) show fewer ribs to the axis and sides, and the upper 
lateral furrow is stronger in proportion. 

Localities. — Arenig group. — Hengwrt Uchaf, four miles north of Dolgelly. (Wood- 
wardiau Museum, woodcut fig. 31) : Llanfaeb-hys, Aberdaron, PI. XVII, fig. 3 (Museum 
Pract. Geology) ; plentiful at White Grit Mine, near Shelve, Shropshire, figs. 1, 2, 4 to 7 
(Mns. Pract. Geology ; and Mr. Lightbody's cabinet) ; Mytton Dingle, Stiper Stones, 
abundant (Mr. Homfray's cabinet). 



Barrandia, M'Coy, 1849. 

A group of well-marked species, characteristic of the Llandeilo Flags. The three 
forms known have the habit of Ogygia^ but difier in such obvious characters^ that there 
can be no doubt Prof. M*Coy was correct in separating the typical species B. Cordai as a 
distinct genus. The other two species, here arranged under Barrandia^ are not very closely 
connected with it ; but I do not wish hastily to give a new generic name to them, though 
very little doubtful of its propriety. The characters of the glabella, and the position of 
the fulcrum in the pleurae, are too unlike to render it probable that Homalopteon and 
Barrandia are merely subgenera. But I shall leave them so for the present. 

This small group is a remarkable one, and tends to render the passage of the Ogygides 
into the Bronteidse so complete, that we may well hesitate about drawing a line between 
the two families.^ 

' Bat the Llandeilo Flag geuern have a thin crust and a wide expanded shape, and are, moreover, 
18 
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Generic Character. — Ovate, greatly depressed; head with short spines. Glabella 
widely clavate, the axal-furrows nearly parallel below, and sometimes obsolete above. Eyes 
large, depressed, anterior in one subgenus, subcentral in the other. Facial suture marginal 
in front, nearly vertical posteriorly. Labrum pointed? Fleurse falcate. Tail large, 
fan-shaped, with a shortened axis, and few lateral furrows ; the caudal fascia occupies a 
lai^e part of the Umb beneath. 

Subgenera. — 1. Homalopteon} Salter, 1865. Glabella with complete axal furrows, 
widely clavate above, more or less distinctly lobed transversely by four transverse furrows. 
Eyes anterior. Pleurae with remote fulcrum, grooved, but scarcely facetted. Tail with 
a distinct short axis of several rings ; the sides few-ribbed. Mange. — Llandeilo Flags. 

2. Barrandia, M'Coy, 1849. Glabella with incomplete axal-furrows and no distinct 
lobes. Eyes subcentral. Pleurae falcate, with a fulcrum close to the axis, grooved, not 
facetted. Tail with a short ribless axis and smooth sides, the strong articular furrow only 
present. Range. — Llandeilo Flags. 



Subgenus — Homalopteon . 
Bareandia (Homalopteon) Portlockii, Salter. PI. XIX, figs. 6 — 10. 

AsAPHUs DILATATU8, Portlock. Geol. Report of Tyrone, &c. ; p. 293, pi. xziT, fig. 2 

(not of Da/man) 1832. 
OoYOiA DiLATATA, Salter and Phillips. Mem. Geol. Survey, voL ii, pt 1, p. 239, 

1848. 
— PoBTLOCKii, Salter. Decades Geol. Survey, No. 2, pi. vii, figs. 1, 2, 6, 7 

(not figs. 3 — 5, for which see next species), 1849. 

J5. {Homal.) ovali-oblonga, %\ unciaJiSy capitis margine angusto. Glabella genis latior^ 
antice gibbosior^ lobata, lobis utrinque 4, distinctis. Thorax axe lato nodoso ; pleuris per- 
sulcatis. Cauda axe lato b-annulato, apice acuto ; lateribm semicostatis, costis ^-radiatis 
divisis aubrectis. 

The length of this, the largest of the three species known, is full four inches, judging 
by fig. 8, which is from the original specimen in Portlock's plate. It is nearly flat, ovate, 
widest in front ; the head forming rather more than a semicircle, and considerably wider 
than the tail, but about as long as the thorax. The glabella is as wide as the cheeks below, 
and separated by narrow but distinct and complete axal-furrows from them. It widens and 
overhangs the eyes above, and is there somewhat abruptly bent down, the margin being over- 

closely allied to Ogygia and Stygina in habit. The Bronteida have, on the contrary, a thick calcareous 
shell, and often a highly convex,- almost gibbous form, while the axis is so greatly reduced as to be almost 
obliterated. I shall return to the Bronteidse as soon as the Asaphidse are completed. It is impossible 
to take the affinities in a linear form, because that is not the order of nature. 

^ o/iaXos, planum, tttcov, Att. for lervor, Jlabellum ; from the fiat, radiated character of the tail 
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hung by it. For nearly two thirds its length it is marked by four lateral furrows, irregular in 
direction, which divide it into four lateral lobes, exclusive of the forehead- and neck-lobes. 
The furrows reach far inwards, leaving only a narrow median space unoccupied. The 
front ones are straight across, the second pair curve from without downwards, the third is 
a short deep impression, the fourth or lowest pair are nearly straight, but so oblique towards 
the narrow neck-furrow as to separate a pair of triangular lobes. None of the furrows 
reach the outer margin. 

In the Decade, from which this description is partly drawn, I have inaccurately described 
the lower glabella-lobes as part of the neck-lobe. It is not so. There are four pairs of 
lobes to the glabella.^ 

Eyes rather large, placed very high up towards the termination of the facial suture on 
the margin. The eyelid semilunate, but not constricted above or below. The fadal 
suture is nearly vertical above the eye, and below it turns very little outwards, cutting the 
posterior margin at about half the cheek's width. Free cheeks moderately large, with a 
narrow border and a small spine. Labrum with the centre gently swelled, and with 
concentric furrows and the usual pair of tubercles. The apex is broken off ; it was probably 
obtusely pointed. 

Thorax with a broad axis, not quite so wide as the pleurae, and tapering backwards. 
The rings are nodular, with bilobed tubercles on the sides, the hinder rings with a central 
tubercle ; but all rather faintly marked. The pleurae are directed backward, and are some- 
what sigmoid in outline ; the fulcrum rather faintly marked at about half-way along them. 
The divisions between the pleurae are not nearly so conspicuous as the oblique furrow that 
reaches nearly to the end of each, separating a broad and rather tumid posterior portion. 
The tips are recurved and pointed, the foremost ones, perhaps, not quite so strongly as in 
our large figure ; the hinder ones more so, as in fig. 6 a. 

Tail a semicircle, with the upper angles rounded off; the axis hardly more than two 
thirds the length, flattened, conical, the ends a little pointed. There are about five distinct 
ribs on the axis, each obscurely trituberculate. The axis is most convex behind ; it reaches 
two thirds down the tail, with a rather large terminal pprtion connate with the triangular 
appendix, making the axis a pointed one (see fig. 8). Lateral furrows four or five, very 
oblique and short, the upper ones reaching two thirds — the lower not half across the broad 
striated limb. The three upper ones (see fig. 8) are strongly duplicate throughout. 

Whole surface of tail covered with a concentric lineation, which runs across the limb 
transversely, not parallel to the margin. The striae are continuous, but mixed with 
smaller interrupted ones. The incurved caudal fascia is very broad, but its margin is not 
distinctly seen. An equally broad fascia runs all up the pleurae, the sharp lineation crossing 
them at right angles. We do not know the striae on the head ; but the labrum is strongly 
and coarsely striated (fig. 9). 

^ Ogygia^ Niobe, the present genus, and Cromus, a Bohemian form, are examples of this large number 
of glabella-segments. But it is extremely rare in the Trilobite group. 
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Originally identified by its discoverer Portlock with the little known Asaphus dUatatus 
of Dalman. But Dalman's figure is far from good (that by Sars, in Oken's Isis, shows 
clearly that it is not even of the same genus), and Portlock's specimen was incomplete. 
Captain, (now Sir Henry) James aften^^ards obtained a noble series, which were figured in 
Decade 2 of the Geol. Survey. They are aU from one locality : viz. — 

Locality, — Llandeilo Flags. Schists of Newtown Head, Waterford (Mus. Pract. 
Ge(Aof^). Museum of Irish Industry. I do not know tnat this fine species exists in other 
collections, except that of Major Austin, Clifton. 



Barrandia (Homalopteon) radians, M'Coy. PI. XIX, figs. 1 — 4. 

OoYGiA PoRTLOCKii, Jan., Salter. Decades Oeol. Sunr., No. 2, pi. vii, figs. 3, 5, 1849. 

— RADIANS, M'Coy, Annals Nat. Hist., 2nd ser., vol. iv, p. 408, 1849'. 

— — Id, Synopsis Pal. foss. Woodw. Mus., p. 149, pi. i f, fig. 2,1851. 
Barrandia, sp. Id, 1. c, p. 149. 

B. (Homal.) minor, 1^ unciam longa, late ovalia. Glabella (jenis anffustior, antice 
hand gilba, illobata vel lobis obscuris. Thorax axe lavi, pleuris longe sulcatis. Cauda 
axe conico 4 — b-annulato, apice rotundato : axe bis laiiore limbo fere, utrdque sulcis iribus 
curvis interlineatia. Sulci longi, primum recti, dein profundiores, abrupte recurvi. 

My friend Prof. M'Coy, while animadverting, in the excellent work above quoted, 
(p. 149), on my mistake in placing this as the young of £, {Ogygia) Portlockii, apparently 
did not perceive that he also was referring to Barrandia the species he had in the same page 
described as an Ogygia, The truth is, my mistake and his own arose very naturally from 
the paucity of specimens. And as Burmeister had six years before predicted the occur- 
rence of the metamorphosis among Trilobites, I was not so far out as my friend and critic 
supposed. With few exceptions, and those not very clearly made out, or even founded 
on mistake, — the increase of the number of segments with advancing age was not known 
till 1849, when M. de Barrande published his beautiful series of observations on the genua 
Sao ; and at the same time, without knowing of his work, my own figures of this species 
were given. In 1851 M. Barrande examined the British specimens, and satisfied himself of 
the true occurrence of the metamorphosis ; and that in a genus to which he had not access 
in Bohemia. Barrandia and Ogygia are northern types. 

As I am not sure that I shall be able to show this change of form with age in any 
other British species, I would refer particularly to it here. 

M. Barrande, to whom the real credit must belong of working out intentionally a point 
only accidentally observed by others, has established the fact that Trilobites— ^roia% aU of 
them — undergo a distinct and regular series of changes in the young state, comparable 
very nearly to that observed in the other Crustacea. The development of the eyes and 
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facial suture takes place simultaneously with the increase of the body-segments. And the 
very young Trilobite (Barrande has traced some of the species from the egg) looks Hke a 
totally different genus from the adult ; it is a simple disk, which gradually only becomes 
lobed, segmented, and provided with organs, as its life goes on and its size increases. The 
Zoe of the crab is now familiar to us. But its discovery hardly excited more interest 
among naturalists, than did Barrande's observations on the young Trilobites among palaeonto- 
logists, when first announced in May, 1849, to the French Academy. My own far less 
complete description was published in June of the same year. 

It seems that the additional segments always come in between the thorax and the tail, 
while the latter also receives at each fresh moult an accession of segments till it attains its 
full number. What becomes of the moulted crusts of Trilobites ? From all analogy they 
should be cast off, slit open in some part of the dorsal region. And such specimens should 
be looked for in our shaly rocks ; for it is impossible that they should be much more des- 
tructible than the newly-formed crust. 



Description. — I have obtained from Mr. J. E. Lee's cabinet a much larger tail of this 
species than we before possessed. And we may therefore reckon the species to have been 
fully an inch and a half long, widely oval, with obtuse ends ; the head forming a semicircle, 
longer than the body, and larger than the tail. 

The axal-furrows are parallel below, somewhat abruptly divergent above, and reach 
the very narrow margin in front. The glabella is without lobes, or very obscurely lobed. 
The cheeks, wider than the glabella, are gently convex, narrowly margined, and bear the 
lunate eye so forward as nearly to touch the front margin, a character by which 3. radians 
is easily distinguished from 3. Cordai, next described. Head-angles very shortly spinous. 

The axis of the body is much narrower than the straight pleurae, which are grooved 
three fourths of their length, and have the scarcely visible fulcrum placed at more than 
half-way out from the axis. The tips are sabre-shaped. 

The tail is nearly a semicircle, and all but flat. And our largest specimen shows a 
length of six lines by a breadth of ten lines. Of this length the conical axis occupies less 
than three-fourths ; and but for the triangular appendage (appendix) beyond its bluntish 
tip, does not reach more than half-way down. It has four. ribs straight across, divided by 
shallow furrows. 

The sides have three strong furrows, which at first run directly out, and then suddenly 
bend down, expand, and nearly touch the margin. They are interlined by three others, 
which are shallow, and cease at the straight portion. The rest of the tail is bare of ribs, 
and apparently smooth ; but the incurved caudal fascia beneath is very broad and straight- 
edged anteriorly. It just reaches the tip of the axis (see fig. 4). 

The metamorphosis above referred to (figs. 1, 2) is very simple. Fig. 1, a very 
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young specimen, has only four rings, and this is the true number in this specimen, and is 
not due to accident. The ribs of the tail are more conspicuous in proportion than in 
the somewhat older specimen, fig. 2, which has truly seven rings ; while in fig. 3 the 
eighth thorax-segment is becoming visible (see fig. 3 a). 

Locality. — ^Llandeilo Flags. Two or three places near Builth, Radnorshire, vi«. : 
Wellfield; (figs. 1, 8), and Pencerrig, (Mus. P. Geology fig. 2) ; also Gwemyfyd (Mr. J. 
E. Lee's cabinet, fig. 4). 



Subyenw — Barbandia, M'Coy, 1849. 
Barrandia (Barbandia) Cordai, M'Coy, PI. XIX, fig. 5. 

Babrandia Cordai, WCoy, Annals Nat. Hist., 2nd ser., toI. iv, p. 409, 1849. 

— — Id. Synopsis Pal. Foit. Woodw. Mus., p. 149, pi. If, fig. I, 

1851. 
Ogygia Portlockii, Salter. In Moms' Catalogue, 2nd ed., p. 1 12. 1854. 

B. uncialis, ovata, vel caput, tAoracem, caudam aqualis. Oculi post medium capitis 
positi. Pleura retrocurva, brevisulcata. Cauda axe integro^ lateribua unisulcatis. 

One specimen only of this most distinct and characteristic species is known, and it is 
a perfect one in the Woodwardian Museum. But I believe it is a common fossil, and 
it should be sought for at Builth. I had no excuse for uniting this very distinct form with 
the B. Portlocki. 

Length 11 lines (our figure is enlarged to once and a half the natural size), of which the 
head, thorax, and tail are nearly equal parts. The semi-oval head is rather more than twice as 
wide as long, lunate, with a concave hinder border and obsolete neck-furrow. The axal- 
furrows are parallel below, slightly converging at less than half-way up the head, and then 
obsolete. The front margin concave, the border of the cheeks extremely narrow ; the large 
slightly curved eyes placed much nearer the axis than the border, and very near the hinder 
edge. 

The facial suture curves slightly out above the eye ; and beneath it cuts the posterior 
margin below the eye, and very remote from the short spinous angles. 

Thorax with its slightly convex axis very little less in width than the pleurae, and 
tapering backwards ; the rings a good deal arched forward, and strongly grooved across. 
The pleurae are oblique backwards, and falcate at their tips ; with a short, strong, oblique 
groove not half their length, and the fulcral point very prominent (as in some of the 
OlenidtBj for instance, Bernopleuridea). 

The tail is half as wide again as long, and the front much arched to follow the form 
of the retreating pleural segments. The axis short-conical, extending less than two thirds 
down the tail, pointed, not prominent at the tip, and without furrows. It is well 
distinguished from the gently sloping sides, and the border is very gently concave. One 
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upper marginal furrow is all that is visible, and that is very strong and deep. The upper 
surfiace is not well preserved ; but the caudal fascia on the under side is so broad as to 
occupy the whole surface of the sides beneath, and the ornamental lines are rather close. 
The same width of fascia is continued beneath the pleurae ; and the lines on it run directly 
across them, as seen in our figure. The same sharp lines run round the under margin of 
the head. 

Locality. — ^Llandeilo Flags. Penkerrig, near Builth, Radnorshire ; (Woodwardian 
Museum). 

The passage from thb Ogygides to the Bronteidce is rendered still more easy by a 
MSS. genus, Bronteopsis, distinguished so far back as 1857, by my friend Prof. Wyville 
Thomson^ who was at that time carefully studying the Caradoc fossils of the Girvan district. 
The genus is a very remarkable one, having all the characters of the Bronteida, and will 
be described under that family. But the crust appears to have been thin, not calcareous ; 
and the habit of the tail is so much that of Barrandia^ that it might well be mistaken 
for an extreme member of the group we are describing. 

Again — Slygina leads from the Ogygides to the Illanides^ besides having some affinities 
with Bronteus. But we must first describe the typical Asaphi ; and therefore return on 
our road to them by means of the genus Niobe (see diagram on p. 124). 

NiOBE, Angelin, 1852. 

A genus instituted by Prof. Angelin to include a few flattened species of Asaphus, 
which have the body flat, the axis broad, and the labrum pointed like that of Ogygia. 
Asaphus frontalis^ Dalman, is the typical species. The genus is strictly intermediate 
between Ogygia and Asaphus. Range, Upper Cambrian to Lower Silurian. 

Broad-oval, depressed ; with a distinct broad axis, and a scarcely clavate glabella 
which is slightly 4-lobed. Head-angles obtuse. Eyes approximate. The pleurae facetted 
and grooved, not produced into points. Tail broadly margined, of a moderate number 
of segments. Labrum with a narrow base and parallel sides ; the tip obtusely pointed 
or slightly emarginate^ not forked. Hypostome (in N, emarginida at least) without a 
vertical suture. 

N. laviceps, placed by Angelin with this genus, should, I think, rather be referred to 
NUeus among the subgenei^ of Asaphus. It has a perfectly smooth unribbed tail. 

NiOBE HoMFBATi, Salter. PL XX, figa. 3 — 12. 

NiOBB HoMFRAYi, Salter. App. Ramiay Geol. N. Wales ; Mem. G^l. Survey, yoI. iii, 

p. 314, pi. vi, figs, b—%, 1866. 

N. ovcdis lata, 3 — 4 uncialis, depressa, aae subplano distincto, caudd semicirculari 
aemiradiatd. Glabella genis aqualis, urceolata, Oculipra medio capitis positi. Labrum 
acutum. Cauda sulds lateralibus 4 — 5 abbreviatis, interlineatis. 
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A most characteristic fossil, which rewarded a good day's hammering (in Mr. Horn- 
fray's company) at the head of the marsh, Fenmorfa ; and was afterwards obtained in 
great plenty by Messrs. Homfray and Ash of Portmadoc. 

General shape a very broad oval^ depressed^ fully two thirds as wide as long ; the 
length between four and five inches. The axis is flattened, yet distinct throughout, wide 
and tapering from the broad urceolate glabella to the blunt tail-axis. The head is 
smooth and very Uttle lobed, and the sides of the tail imperfectly radiated. 

The head is rather more than one third of the whole length, semicircular, with blunt 
outer angles ; the glabella occupying one third the width of the head, and reaching to 
the sharp marginal furrow. It is urceolate, blunt and widest in front, then a little 
contracted, and thence widening again to the base, marked by a very distinct neck- 
furrow. The glabella- furrows are faint, four short ones on each side, somewhat radiating 
from the eye inwards, the lower one longest. The eye is very near the glabella, as in 
all the genus, and placed more than half-way up the head, semilunar, and rather lai^e. 
The facial suture reaches the edge immediately over the eye, curves boldly out beneath 
it, so as to leave but a third part of the posterior margin of the cheek outside it ; it is 
marginal in front. 

The body-axis is broad, equal to the pleurae in front, but narrower than those behind, 
and ornamented with arched striae. The pleurae are strongly facetted for rolling up, 
convex, blunt and rounded at their ends ; the fulcrum close in toward the axis in the 
front rings, and gradually further out till it reaches the inner fourth of the pleura in the 
hinder ones. The pleural furrow deep, but rather short and diamond-^shaped. 

The tail, a true semicircle, is somewhat flattened ; and has a short broad axis reaching 
three fourths the whole length, and about half as broad as the side portions, or a little 
more. It is marked by seven or eight distinct ribs nearly to the tip, which is promi- 
nent and bluntly pointed. The sides are scored by five short furrows, which (faintly 
interlined) only reach to the inner edge of the broad fiattened margin, and there stop 
abruptly. The margin is concentrically striated, of equal breadth all round. Young speci- 
mens (fig. 6) differ but little in proportion, but there are some specimens (one par- 
ticularly in Mr. Ash's cabinet) which are much narrower than usual, and may, as that 
gentleman suggests, be the male forms (see also figs. 6, 7). 

The labrum is long, broader at the base, but still on the whole parallel-sided. The sides 
are not contracted, nor the front expanded, as in the N. emarginula figured by Angelin ; 
and the apex is an obtuse angle, at about 100°, and the tip rather acute. There is a 
concentric furrow near the margin, and a strong pair of indentations near the tip. 

Localities. — Upper Cambrian. Lower Tremadoc Slates of Penmorfa Church and 
Llanerch, Tremadoc ; also Castle Deudraeth, near Maentwrog, N. Wales (Mus. Pract. 
Geology). The figured specimens are from the cabinet of our excellent friend Mr. David 
Homfray. 
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AsAPHUS, Brongniart, 1822. 

Of so large a genus much might be said, and with advantage too, if our space 
permitted us to discuss largely its affinities. The diagram, however, on page 124, will give 
at a glance the relation which the chief subgenera of AsapJms bear to one another, and to 
the neighbouring groups, Ogygidea and lUatnides ; and we can more easily refer to these 
affinities when the subgenera themselves have been defined. The genus is as remarkable 
among the smooth Trilobites of our right-hand division (see Preface, p. 2), as Phacopa is 
of the left-hand group.^ There is the same perfection of organisation and compactness of 
character, the same wide limits of variation within the genus, and as great importance 
numerically. While however Phacops and its subdivisions are more characteristic of the 
Upper Silurian rocks, Asaphus is strictly Lower Silurian, — scarcely ranging below, and 
never above that horizon. The PJiacopidce in the higher groups are remarkably convex ; 
the Asaphi expanded. The Phacopidce have, as a rule, the segments both of head and tail 
well marked out ; the AsapJd have them obliterated in the same portions. The Phacopida 
are ornamented with a tubercular or granular coat ; the genus we are describing has a 
smooth or only lineated one, a distinction seen and ably noted "by Dr. Burmeister, who, 
however, attached too much value to the character, since both kinds of ornament coexist 
in several genera. The lenses of the great eyes in Phacops are very large — the equally 
prominent eyes of Asaphus have them very small, — and so of several other contrasting 
characters ; and while the chief character of all — the relative possession of eight and eleven 
body-rings — keeps the two groups widely apart, they are no less sundered by the course of 
the facial suture beneath the eye, which in all the Asaphida is to the margin behind, and 
in all Phacopidce to the outer margin. 

For size, only the large Paradoxides among the Glenoid group (see Preface) can match 
the Asaphi, which include, if not quite the longest, certainly the bulkiest forms of 
Trilobites, and indeed, so many of these, as to make size an important character of the 
genus. Few of the species are less than three inches, many of them nine or ten in 
length, and a few range beyond a foot in extreme measure. 

The subgenera include several extreme forms, but the essential characters of this large 
genus seem to be as follows : — 

Form oval, without spines or tubercles on the surface, with the head and tail nearly 

^ It might, perhaps, be convenient to designate the Trilobites of the left-hand branch — which have a 
VI- ell-developed thorax, and a relatively small pygidium of few segments, Micropygini^ and those on the right- 
hand Macropygini, But I do not think the terms are needed. 

19 
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equal in size, and the thorax of eight rings. The surface smooth, or only covered with a 
close lineation intennixed with puncta, which does not interfere with the general smooth- 
ness of the exterior. The head is semicircular or half-oval, or pointed, with a glabella 
widest in front, and generally very faintly marked out, and with quite obsolete lobes.^ 
Smooth prominent eyes ; a hypostome without rostral shield (only a vertical suture being 
occasionally present), and a forked labrum. 

The thorax-rings convex ; the pleurae rounded, grooved, and facetted for rolling. The 
tail large, of many segments ; but these are not generally visible, except on the axis, and 
in some cases not even there. 

The several subgenera are dependent chiefly on the degree of convexity, distinctness 
of the tail-furrows, course of the facial suture in front, and the degree in which the 
obscure glabella occupies a larger or smaller space of the head. I will proceed to give 
these characters as briefly as I can, the route being from the Ogygidea last described 
towards the lUcenides, which we shall take up afterwards. Some of these subgenera have 
been indicated by Goldfuss, Dekay, Dalman, Emmerich, Milne-Edwards, Burmeister, and 
others. None of them are satisfactory, the habit having been too much overlooked, while 
trifling differences in the glabella, &c., have been preferred to the more important 
characters of the facial suture. Corda's arrangement is perhaps the least worthy con- 
sideration ; and Emmerich^s and Goldfuss's seem to me the best. Professor Burmeister 
had not sufficient material for all the divisions, but his acumen detected the importance 
of the facial suture, and his arrangement is clear. Professor M'Coy's divisions are far 
too few. We are greatly indebted to Barrande for his laborious collection of the entire 
histoiy of these groups, and are sorry not to be able to adopt his own subdivisions. 
Following Emmerich and Goldfuss, but subdividing their group of " Ogygiae " especially, 
we have the following eight subgenera : 

1. Ptycliopyge, Angelin. Expanded, ovate, gently convex, or flattened, with narrow 
axis ; short urceolate glabella, reaching more than half-way up the head, and lobeless ; 
approximate elevated eyes ; subangular tips to pleura ; and tail with moderately long 
axis, and many faint ribs on axis and tail. Facial suture forming a long ogive in front. 
Hypostome entire. Labrum shortly notched. North Europe. 

Types, A. angu9tifron9t Dalm. 
A. latiUf Angelin. 

2. Basilicf/s, Salter, 1849. Flattened and expanded forms, with rather broad axis; 
clavate glabella reaching far up the head, with only obscure lobes, the basal pair most 
conspicuous ; approximate depressed eyes, angular or even pointed tips to the pleurae ; 

^ £xcept within the crust, where they may be Been faintly marked out, or even strongly in some cases. 
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tail with many ribs on axis and limb ; facial suture marginal in front ; hypostome^ entire. 
Labrum deeply lobed. Bange. — North and South Europe. 

Types, A, tyrannus, March. 
A, Powisii, Murch. 
? A. inffeni, Barraode. 

3. MeffalaspiSy Angelin, 1852. "Flattened and expanded, with narrow axis; short 
ureeolate glabella, reaching but a little way up the head, and lobeless ; approximate 
depressed eyes, subangular tips to pleurae ; and tail with narrow long axis, and many ribs 
on axis and limb. Facial suture intramarginal, in a long ogive on the upper surface. 
Hypostome — ? Labrum notched ? North Europe. 

.Angelin figures a labrum of M, planilimhata as entire, but there is some imperfec- 
tion in the look of the figures, as if the forked lobes were broken ofi^. 

Types, A. gigat, Angelin, not of Dekay. 
A, heron^ Dalm. 
A. extenuatus, Dalm. 
A. nohilUi Barr. 

[I have inserted here A, nobilis, Barrande, chiefly to call attention to it. It is possibly 
a distinct subgenus. Its short glabella is lobed posteriorly ; the hjrpostome appears to have 
a vertical suture ; the pleurae are recurved and pointed ; the tail-furrows not duplicate ; 
and the crust very thin. It seems intermediate between Basilicus and Meffolaspis^ 

4. laoteltts, Dekay, 1824. Convex, moderately expanded, with broad axis; obsolete 
glabella; remote, moderately convex eyes; rounded pleurae, and no ribs on the tail. 
Facial suture intramarginal, ogived. Hypostome vertically divided. Labrum deeply 
f^rcate. North America, North-west Europe. 

Types, J. giga9y Dekay. 

/. platycephalM, Stokes. 

5. Cryptofiymus, Eichwald, 1825. llemtcrypturus, Corda, JsapAus, Angelin. Short, 
convex, with narrow axis, a clavate glabella reaching the front of the head, and with three 
pairs of lobes ; elevated eyes (sometimes stalked in the ^ ) ; rounded pleurae ; tail short, 
of few joints, very obscurely ribbed, except on the axis. Facial suture intramarginal in 
a short ogive. Labrum deeply lobed. North Europe. 

Types, A. expansWy Linn. 
A. ranieep9y Dalm. 

6. SymphymruB, Goldfuss, 1843.* Short convex, with narrow axis; the gibbous, lobe- 
less glabella overhanging the front margin ; large remote depressed eyes ; rounded pleurae ; 

• 

' In former pages I have used Dalman's old term hypoatome for the incurved under front margin of 
the head, which supports the lahrum ; and I adhere to this, although the term epistome is often adopted. 
Barrande calls it 'la doublure front ale,' 

'Better defined and restricted by A.ngelin, 1852. 
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and short tail, with axis of few joints ; and sides without ribs. Facial suture marginal in 
front. Hypostome entire. Labrum — ? North Europe. 

Type, S. palpebrosus, Dalm. 

7. BracAyaepis, Salter, 1866. Short, broad, expanded, with moderately broad axis; 
the head with obsolete glabella ; eyes depressed but convex, remote ; pleurae rounded ; 
tail short, with no ribs. Facial suture marginal in front. Hypostome entire. Labrum — ? 
North Europe. 

Types, A. recti/rons, Portlock. 
A. lamgatus, Angelin. 

[8. Nileus, Dalman, 1826. Very convex, scarcely trilobed, with very wide axis, and 
hemispherical lobeless glabella; eyes very large, remote, depressed, reniform; pleurae 
rounded; tail short broad, with no trace of axis or ribs. Facial suture marginal. 
Hypostome entire. Labrum scarcely notched. North Europe. 

Type, N. Armadillo^ Dalm.] 

I believe other subgenera might easily be formed, but these are perhaps suflScient for 
convenient reference. For instance, Asaphus nobilia, Barr., and the several Mid-European 
species connected with it, are very doubtfully forms of Megalaspis; and might with 
advantage be kept separate. Asaph, ingens of the same author does not quite fit with 
Basilicus ; and so of several others. 

I have noticed briefly the geographical range of each of these subgenera under their de- 
finitions. The species of all the groups except Isotelus are European ; and even this reaches 
our north-western shores, but is not found on the Continent. Nilem, Symphysurus, and 
Cryptonymvs are almost exclusively Scandinavian types; Brachyaspis is North-European 
only. Basilicm and Meyalaspis range over North and South Europe, and Ptychopyge 
appears to have a wider range, extending to North America, and even to India. 

I do not know to what group the smooth-tailed Asaphi of the Andes, described by 
D'Orbigny, belong. The genus is evidently world-wide. 

Returning over the ground just trodden, it may well be questioned if Nileua should 
be included in the list of subgenera. It not only has the broad and lobeless glabella, the 
wide axis to the thorax, and the smooth unfurrowcd tail of Illccnus, but it has a nearly 
entire labnim. It evidently leads the way to that genus. 

But then it is so near Symphysurus, which cannot be separated, except by its inflated 
glabella, from Crypionymus, that it is difficult to sec how to draw the line. It is not so 
far removed from Cryptonymm as this is from Isotelus, which last may perhaps be 
regarded as the central type of Asaphus, 

Brachyaspis follows next ; and from this point the subgenera diverge towards Ogygia, 
Megalaspis consists of expanded forms, which yet have, on the whole, more resemblance 
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to the typical Aaaphi than BasUicus, a subgenus having the facial suture marginal in front 
like Ogygia, but yet having the deeply lobed labrum of the typical forms. 

Lastly Ptychopygey of which we have no certain representative in Britain/ has the 
aspect of the Oyygia ; and even its intramarginal suture finds its parallel in the 
0. {jOgygiocaris) dilatata^ Dalm. Yet having the labrum strongly notched, it may for 
the present be safely included in Asaphus. 



Subgenus 2. — Basilicus, 1849. 
1. AsAPHus (Basilicus) Tyrannus, Murchison, Plates XXI and XXII, figs. 5 — 12. 

AsAFUUS Tyrannus, Murchison, Silurian System, pi. zziv» fig. 4, pi. zz?, fig. I, 1837. 

— — Milne-Edwards, Crustac^s, vol. iii, 310» 1840. 

— — Emmerich, Leonhard und Bronn's Jahrb., 184.5. 

— — Salter, Decade ii, Geol. Surv., pi. v, 1849 (1848). 

— — Id, Morris's Catalogue, ed. 2, p. 100, 1854. 

— — Id, Siluria, ed. 2, pi. 1, fig. 5, pi. ii, fig. 1, 1859. (Not of 

Burmeister, Org. Trilob., t. 5, fig. 4, which is A, heros). 
Ogygia Tyrannus, Emmerich. Dissert. (1839). 

AsAPHUS Tyrannus, Id. Leonh. und Bronn's Jahrb., p. 42, 1845. 

IsoTELUS Tyrannus, M'Coy. Synops. Woodw. Pal. Foss. Fasc. i, p. 171, 1851. 
Asafhus Tyrannus, Salter, App. Ramsay, Geol. N. Wales ; Mem. Geol. Sunr., 

vol. iii, p. 312, pi. ziii, fig. 1 — 6 (1866 ined.) 

A, magnuSy interdum pedalis, ovatus /ere, per-sculptus ; capite obtuso quam caudd 
ehngatd breviore, Oculi deprem approxifnati, sese spatio glabella longitudinis remoti. 
Glabella brevia pyrifornm, lobis lateralibus supra oculum distinctis, Anguli capitis breves, 
Cauda par abolica^ apice iruncato, axe multi-annulatOy lateribus midticostatis, costis 12 — 13 
abbreviatis. 

Sir Roderick Murchison hit upon a happy name for this fossil, the largest then known 
among British Trilobites, and singularly plentiful in the region which he made his own by 
hard work along the South Welsh frontier. It is not only our finest British species, but 
is peculiarly British, and even restricted to the Welsh Principality and the border-counties. 
Often as it has been quoted out of Britain, it has never, except in one single locality (in 
North Wales), been really found outside the restricted area of Shropshire and South 
Wales, where, as above said, it may be counted in swarms. Earl Cawdor's magnificent 
specimen found in Dynevor Park, Llandeilo, is here again figured from the British 
Museum collection, with others, of smaller size, from the Museum of Practical Geology. 
It is the best of types, together with the Ogygia Buchiiy for the Llandeilo rocks proper, 

1 It was an error to insert this subgeneric name under Ogygia comdensis, p. 130. That is a true 
Ogygia, It is just possible A, radiaius, p. 154, may belong to it. 
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and its place is taken in strata of the same age in Sweden by the equally large A. Aeros, 
Dalman, a species which Burmeister and others have confounded with it. 

Besides, it belongs to a group of Asaphi, which, by their thinner crust, narrower axis, 
more expanded form, and strongly fmrowed pygidium, conduct easily to Ogygia. This 
subgenus was first noticed in the * Memoirs of the Geological Survey/ Decade 2, in 1849, 
and has been generally adopted. 

Description. — Length of large specimens eleven and a half inches ; breadth more than 
six inches. General form true ovate, more obtuse in front, moderately convex ; the 
head semicircular, the tail much longer, more convex, and parabolic. Head sculptured, 
very gently convex, with only a very slight concavity marking ofi^ the margin. The 
cheeks are broad, and their hinder angles produced into short spines, which only reach 
the third thoracic segment. The glabella is convex in front, broad-clavate, well defined 
forwards, only slightly so on the sides, and as long as tlie breadth between the eyes. 
The forehead-lobe large, round, and rather protuberant, especially in old specimens. 
Beneath this lobe, and at about the level of the eye, is the uppermost of three short, 
obscure, oblique lobes, the basal one of which is largest. There is at the base of the 
glabella a tubercle, and beneath it a shallow transverse impression marking the place 
of the neck-furrow. Eyes rather large, depressed, much arched, placed behind the 
middle of the head, and close to the glabella in this species. 

The base of the eye-lobe is constricted, the lentiferoiis surface probably narrow, and 
the numerous lenses beneath the smooth cornea are not very closely set (fig. 7). 
Facial suture curving widely out on the posterior margin to half the width of the cheek, 
and in front of the eye turned outwards in a sigmoid curve to cut the front margin 
beyond the parallel of the eye, and continue exactly along the front edge of the shield. 

The hypostome is yet unknown ; the labrum large, with a semicircular base, which is 
moderately broad only ; a squarish slightly tumid centre, surrounded by a strong fuixow, 
in which are set obliquely a pair of minute transverse ovate tubercles. The apex is 
deeply divided into two ovate-lanceolate forks, between which the shelly plate turns 
strongly inwards ; the length of the lobes is greater than one third of that of the whole 
labrum. 

Thorax of eight moderately arched rings ; the axis is not strongly marked out, and is as 
broad as the pleurae ; these latter are grooved for more than half their length, the strong 
groove bounded behind and before by strong ridges, which form a prominent node at 
their point of junction beyond the groove ; from thence the pleurae rather flat. They are 
curved down, but scarcely backward, at the obscure fulcrum, which in the hinder rings 
is placed one third away from the axis, but nearer to it than in the forward rings. The 
anterior edge of each pleura is sharpened and coarsely striate, and its termination square. 

Tail parabolic, a little truncate at the end ; its width at the front one fourth greater 
than the length (though apparently not more than equal to it) ; not quite regularly 
convex, the axis being flattened in front, narrow, scarcely one fourth the width of the 
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tail, and prominent behind^ reaching seven eighths of the whole length ; it ends some- 
what abruptly in a swelled tip. There are eighteen or twenty rings marked out on it, 
not quite reaching the tip. The sides are convex^ almost tumid at first, and ribbed by 
twelve distinct raised ridges for about two thirds their width. These end rather abruptly, 
and the concave limb is quite smooth and even, except for the imbricated lines of orna- 
ment which cover the whole surface in one form or another. The lateral ribs are as 
broad as the furrows between them> somewhat square in section, with tumid abrupt ends. 
They are as numerous in young specimens (see fig. 12), and these are nearly as convex 
as the older ones. 

The caudal fascia is broad, considerably indented by the axis, and concave, so as to 
leave a space between it and the outer crust. The lines of growth are coarse, and rather 
distant, obliquely set against the margin of the fascia (see fig. 10), not parallel to it. 

Of all the AsaphidcB this is the most highly ornamented species. Our largest figured 
specimen was, indeed, named, as a variety, ornatus by Sir R. I. Murchison (* Sil. Syst.,' 
pi. XXV, fig. 1), but it is the normal condition of the old specimens, sometimes a foot long. 

The sculptured lines, which are veritable plicae or folds of the crust, are wavy and 
interrupted, following a general curve all round the margin, but sinuous and inosculating 
with .each other. They follow the broad head-margin, and are concentric, fainter, and 
closer round the forehead-lobe of the glabella ; but they are far stronger and shorter, and 
form deep pits on the thorax-segments and tail, strongest on the axis of each, and occur only 
on the prominent parts of the side-lobes, the hollows being nearly free from them. They 
arch over the axis from side to side, almost obliterating the annuli of the tail-axis by their 
strength ; while on the side-lobes they radiate from behind forwards, and decussate the 
ridges strongly. They become transverse lines on the outer margins of the thoracic rings, 
except in very old specimens (fig. 8), where they form pits and puncta to the very ends 
of the pleurae. On the smopth concave limb of the tail they sweep forwards in sinuous 
lines, strongly imbricated forwards, and cut the margin obliquely. 

On half-grown specimens they are much fainter, and, indeed, can only be rarely seen 
in young specimens. 

The caudal fascia (fig. 10) has them distant, and branching, as it were, from an imagi- 
nary line along its middle portion. But on the corresponding part beneath the thorax- 
rings they are quite longitudinal instead of transverse. (See Decade 2, Geol. Survey, 
pL v, fig. 8.) 

There are few species to compare this fine fossil with, unless it be our next two 
species. It is most nearly like the Asaphus Pouoisii, which occurs in Caradoc, not in 
Ltandeilo rocks. That species, however, shows no sculpture, and is, moreover, more 
convex ; and it has very indistinct ribs on the tail, the axis of which is wide above, and 
then suddenly contracted for the rest of its length. The species figured by Prof. Bur- 
meister as A. tyrannm has, indeed (in his figure), a strong resemblance ; but that figure 
is a mixture of two species, for the Professor has transferred the sculpture of the British 
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fossil to a worn Swedish specimen of A. heroSi Dalman, which had lost the characteristic 
mucro of the tail. Isotelus marpnalis, Hall, formerly supposed by me to be the same, is 
quite distinct. 

In comparing with other species, the following must be particularly noted as a very 
close ally ; indeed, it has hitherto always been confounded with it. Both occur at the same 
locality near Llandeilo. 

Localities. — Llandeilo Flags. Abundant in South Wales ; Llandeilo and many 
localities in Carmarthenshire. In Pembrokeshire ; Musclewick Bay, Llampeter-Felfrey, 
Narberth, Mydrim, and Lann Mill. In Shropshire, Meadowtown, Shelve, &c. In North 
Wales ; Craig-y-glyn, near Llanhaiadr, in the Berwyns. But not in Scotland, Ireland, nor 
in any Continental locality. 



2. AsAPHUs (Basilicus) peltastes, spec. nov. PI. XXII, figs. 1^-4. 

A. modicus, vix 4- uncias longusy convexus, ovalis, obscure lineatus^ capite caudm (Bquali, 
Octdi elevatiy sese spatio capitis totius longitudinis remoti. Glabella elongato-pyriformis^ 
lobis basalibus subtrigonis isolatis. Angvli longe producti. Cauda axe 14 — lo-annulato, 
lateribus 9 — lO-costatis. 

Certainly when I figured these specimens I did not expect to be able to determine 
two completely distinct forms, for the general aspect is exceedingly alike in both. Yet if 
form and proportion, difference in position of the eyes, in the form of the glabella and 
its lobes, shape and number of ribs in the tail, &c., be suflGicient characters, we must reckon 
for the future two distinct Llandeilo fossils hitherto confounded under one name. 

A. peltastes is probably as common as the better known A. tyrannus. It is easily 
distinguished by the more oval, (not ovate) shape, and the equality in length of the head 
and tail. But also notably by the small cheeks, remote and large eyes, long and broad 
head-spines, and the fewer ribs to the tail. The following description may serve : 

Length, judging from large fragments, not more than six inches, the breadth two and 
a half. Strictly oval, convex ; the half-elliptic head equal in length to the tail ; the body 
shorter than either, not exceeding the glabella in length. The glabella elongate, narrower 
than the cheeks ; a pair of very distinct oval basal lobes (really composed of the two 
lower pairs), isolated from the rest of the glabella, and set wide apart. A long oval fore- 
head-lobe, which reaches quite to the concave front margin, and is more than half the 
entire length of the head, from which it is not abruptly distinguished in front as in the 
last species. 

The cheeks are very convex, steeply bent down towards the truly flat margin, and 
produced behind into broad blunt spines, which are long enough to reach to the sixth 
thorax-ring. This character at once distinguishes A, peltastes. The eyes are large and 
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promiDent, much wider apart than in the last species, the width from eye to eye being 
greater than the whole length of the head. The eye is broad, and almost as high as broad, 
and much ciured, sunk in a depression of the cheek, and placed hardly its own breadth 
from the marginal furrow (see fig. 2). Facial suture beneath the eye reaching very 
little outwards, and cutting the margin beneath the outer edge of the eye. In front 
it cuts the margin more abruptly than in A, iyromnm. 

The thorax is generally convex, but the axis is not very strongly separated from the 
sides, but more so than in the allied species ; and is somewhat narrower than the pleurae, 
which curve down steeply from the fulcrum, placed at about one third out, and they 
bend more sharply backward than in A. tyrannua : their ends are more obhque and less 
square, and the pleural groove is longer, much narrower, and somewhat deeper than in 
that species. 

The tail is half-oval, rounded, not at all truncate at the end, and with a flat rim all 
round, not concave as in the last. The axis narrow, more convex, shorter, and more 
regularly tapering, and with fewer (fourteen or fifteen) rings. The sides are convex, 
forming a channel against the fiat margin, and with nine or ten ribs only (rarely eleven), 
and these are longer, more curved, and more prominent than in A. tyrannua. The caudal 
fascia has more closely set lines. 

The sculpture, too, is different. The same in character, it is much less prominent 
and conspicuous. This may be due to the less size of the specimens, but there is a 
difference in the only part where I can find it conspicuous, viz., the border of the tail, 
where it is much closer, more thread-like, and directed more longitudinally than in the 
typical species. A. peltastea cannot be a simple variety of A. tyrannus ; still less can the 
differences be regarded as mere sexual variations. It is a good and distinct species. 

Locality. — Llandeilo Flags. Llandeilo, South Wales; abundant. Cabinets of 
Mus. Prap. Geol. (figured specimens 1 to 3) ; of 'Mr. J. Lee, Caerleon (do. fig. 4) ; Mr. 
R. Lightbody ; Rev. G. Smith, of Tenby ; and Mr. Edgell, who finds it abundant in the 
flagstones, while A. tyrannti^ affects the limestone. Also in volcanic grit, Builth, Rad- 
norshire, and from Abereiddy Bay, Pembrokeshire (Mr. H. Wyatt Edgell). 



ASAPHUS? (B.) HTBBIDUS, U. Sp. Pl. XXIII, figS. 8, 9. 

A. (j5) fnodicus, 4 — 5 uncial lonyus ? complanatm^ axe anguHtimmo. Cauda, solum cog^ 
nota, rotundata semiovalis {lony. ad lat. i^^ 8 : 11) axe contracto qudm limbo ter anguatiore, 
via i loryitudinia cauda auperante, apice abrupto obtmo. Sulci axalee antice profundi, 

1 The A. tyrannus figured by Hoffman in his summary of the Russ. Tribolites (* Verhandl. Raas. Kais. 
Min. Gesellach.,* 1858, pl. vi, fig. 3) is a Ptychopyge, The Ogygia Buchii, fig. 4, is a Megalaspi*, like 
A, keroi, Didm, I 

20 
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Umbum ad hoc elevatum ab axe depresso bene separantes. lAmbus pauUo convexus, 
costatus, marffine lato piano sen concavo. Costa aaales anffusta, 7 — 8 ; laterales 7 abbre- 
viata, curva^ ad basin duplicata. 

1 do not feel quite sure that this caudal portion (we possess two specimens only) repre- 
sents the tail of a Basilicus. It may be a fossil aUied to the Ogygia Selwynii (PL XVII). 
But on close examination the axis is so much depressed in front, and is so short, that, as 
our fossil cannot possibly be that ancient species, it may as well be figured with Basilicus. 

Tail half-elliptic, blunt at the end, the length being to the breadth as 8 to 11. Axis 
very narrow, not above one third the width of the limb, depressed at its upper portion, 
where, the axal-furrows being strong here, it is sunk between the convex upper portions 
of the limb. Behind, the furrows vanish, and the axis is prominent above the more 
depressed limb : its termination is blunt, and it reaches only two thirds down the tail, 
or but little more. 

The axis is a little wider in front, then parallel for the rest of its length. The sides, 
on the contrary, are convex in front and for half their width, and then flat or slightly 
concave. The seven lateral curved ribs extend only over the convex portion, the ribs 
being broad and flattened and the furrows narrow. At the base the upper ribs are 
duplicate, and this is the chief reason for thinking the species may be an Offyffia. 

Locality. — Llandeilo Flaos ? Henllan Amgoed, Carmarthenshire. 



AsAPHus (Basilicus) Powisii, Murchison. PI. XXIII, flgs. 2 — 7. 

AsAPUXJs Powisii, Murchuon. Sil. Syst., t. xxiii, fig. 9 (not 0, b), body and tail 

only, 1837. 

— — Burmeister. Org. Trilob., Ray ed., p. 96, and note: Itotelut 

Powiniy p. 122 (not of Portlock), 1846. 
IsoTBLUS Powisii, M'Coy, Pal. Fobs. Woodw. Mus., p. 170, 1851. 
Asaphus Powisii, Salter, Mem. Geol. Snrv., Decade 2, t. iii, p. 5, 1849. 

— — Id, Morris's Catal., 2nd ed., p. 100, 1854. 

— — Id, Siluria, 2nd ed., t. ii, fig. 2, 1859. 

— — Id. App. Ramsay, Geol. N. Wales ; Mem. Geol. Surv., vol. iii, 

p. 312, 1866, pi. XT. 

As. {B.) maffnuSy sape 6-uncialis, lavis, ovalisy convexus, oculis remotioribus ; cauda axe 
conico, lateribus vix costatis- Glabella ad frontem rotundata^ postice elobata. Caput 
immarginatum, spinis brevibus. Cauda thorace longior, axe ad basin latOy dein contractOy 
nisi ad apicem vix elevatOy costis 8 — 9 obscuris. Limbus lente declivus sulcis abbreviatis 9, 
primo solum pro/undo, reliquis obscuris^ margine concavo. 

The original name bestowed by Sir R. I. Murchison is still by common consent 
retained for this fine fossil, although the author confoimded the head of Phacops macroura 
with the species, as Burmeister first observed in his Ray edition in 1846, and as 
has been already noticed in our Part I, p. 37. The species is very distinct, and has 
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nothing to do with the form described by Portlock under the name Isotelus Pounsii in 
1843 ; nor is it easy to see why Prof. M'Coy retained it under that subgenus, since 
the facial suture is exactly that of BasUicus. It is one of the commonest of Caradoc 
fossils. From A. tyrannm the rounded shape, faint furrows on the pygidium, and quite 
different head, without any furrows to the glabella, easily distinguish it. 

Rarely six inches long, but still a large species, of traly elliptic, very regularly convex 
form ; the semilunar head much shorter than the thorax, and this shorter than the tail. 
The glabella is only convex and rounded in front ; behind, it neither shows convexity, 
separation from the cheeks, nor lobes of any kind. The eyes are rather large and lunate, 
but not elevated, and, measured from their outside, are wider apart than the length of 
the head ; they are not at all sunk in the free cheeks, and their curved lentiferous surface 
contains about 7000 lenses, according to observations of mine in 1849 (Mus. P. Geology, 
^nd Collection of the late Daniel Sharpe). The cheeks are very little convex, without 
any marginal furrows, and produced into very short head-spines. 

Thorax distinctly three-lobed, the axis broad, wider than the pleurae, but not strongly 
separated from them ; a punctum in the cast marks the point of junction. The pleural 
groove is bordered, as in A, tyrannWy by strong ridges, meeting beyond it in a sort of 
node ; and it extends as a broad, well-defined furrow for more than half the length of the 
pleurae. These have the fulcrum near the axis, not above one third out, and at nearly 
an equal distance in all the rings. From the fulcral point the pleurae bend down, but 
not backward, and are somewhat recurved at the tip. 

The tail is the truly characteristic portion, and has a whimsical resemblance to that of 
the Homalonotus bisulcatus (PI. X, fig. 3), with which it is so often found in company. 
It is semioval, rounded at the end, and regularly convex, the axis not greatly raised 
above the general convexity ; broad at its base, where it occupies rather more than one 
third the whole width of the tail, but soon narrowing behind, and becoming more parallel- 
sided. It reaches quite to the inner edge of the concave margin, fully five sixths down 
the tail, and is there rounded and a little prominent, especially in young specimens 
(figs. 3 and 4). These indeed have the axis generally more strongly marked out than in 
the adult. The axis is marked by about eight or nine obscure ribs, and the sides by 
an equal number of rather short and obscure furrows ; but the upper or border furrow, 
always the deepest in the AsaphicUB^ is here distinctly and strongly so, and hence, together 
with the wide pyramidal axis, the resemblance to the Homalonotus aforesaid. The limb 
is concave all round, and the caudal fascia, rarely seen, is only slightly indented by the 
tail-axis. 

In all the above characters, — the absence of glabella-lobes, the smooth and almost 
unfurrowed tail, with its broader and more pyramidal axis, &c., the species is distinguished 
from A. fyrannus. The labrum (fig. 6) is also different ; longer, more indented on the 
sides, less raised in the centre, with very oblique lateral tubercles and shorter forks to 
the apex. 
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Localities, — Llandeilo Flags. Treiorwertb, near Llanerchymedd, Anglesea. 
S. E. side of Arenig Mountain. Uangadoc, S. Wales. Gabadoc or Bala Rocks, 
everywhere in North Wales : Snowdon ; Bettws-y-coed ; Bala ; Dinas Mowddwy ; 
Meifod } Berwyn Mountains, &c. : fig. 5 is a fine specimen from near Waterloo Bridge 
in the Vale of Conway ; and fig. 7 shows a specimen, distorted by cleavage, from Moel 
Benddu, Dinas Mowddwy, (both in Mus. P. Geol.). l^'igs. S, 4, and 6 are from Horderly 
and the neighbourhood. It is extremely common in the Caradoc of Shropshire. 

J^oreign Localiiiei. — None. It is, like J. fyrannus, a truly British species. 



AsAPHUs (Basilicus) Marstoni, n. sp. PL XXIII, fig. 1. 

A. parvus, vix unctalis, complanatuSy ovaio^blof^ms, oculis magnis capite cauddipte 
thorace brevioribus. Caput viw mar^natum {anyulis brevispinosis ?), oculis moffnis remoHs. 
Glabella antice prominens, marginem /ere attinyens, haud lobata? Cauda ui in A. Powisii, 
nisi brevior, subtrigona, axe angustiori costis distinctis, lateribus latimarginatis, costisque 
utrinque 7 brembus. 

This neat little species is evidently distinct from any other British form, nor do I 
think it has been figured in European works. It might have passed as a young 
A. Povnsii, but for the great size of the eyes and the distinctness of the glabella ; for 
the less relative size of the tail and the strength of its furrows would hardly be enough 
to distinguish it, as these are the usual characters of young specimens. I think the 
larger fragment belongs to it, but I shall describe the smaller one only. 

Half an inch long, and three tenths broad at the base of the head — ^the widest part ; 
oblong-ovate, blunt in front and rather pointed behind ; the convex head as long as the 
thorax, and each of them much longer than the tail. Glabella large, oblong, reaching 
nearly to the front edge and almost overhanging it ; about one third the width of the 
head. Cheeks strongly margined, bearing the large lunate eyes close to the glabella, 
and much nearer the hinder margin of the head than in A. Powisii ; the facial suture 
beneath them not extending half-way out. Angles blunt ? (or with short spines). 

Thorax with a rather narrow axis, which tapers backwards, the rings soniewhat 
nodose. Fulcrum of the nearly direct pleurae placed beyond one third out, and strongly 
grooved. The tail is half ovate, somewhat triangular in outline, with a narrow conical 
axis reaching to the strongly concave margin, and sharply separated from the somewhat 
depressed sides. The axis has six or seven distinct rings (nodose, like the hinder thorax- 
rings) on the sides and middle, and the limb has about six abbreviated furrows, besides 
the upper strong furrow which reaches, much beyond the others, nearly to the margin. 
The concave margin has some concentric striae, which may be, and probably are, pressec 
through the cast from the caudal fascia beneath. 
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Locality, — Caradoc. Lower shale, under the sandstones of Horderly, Shropshire, 
(discovered by Mr. A. Marston, and now in Mr. H. Wyatt EdgelFs cabinet). 



AsAPHTJs (Basilicus?) radiatus, Salter. PL XVIII, figs. 1 — 5. 

Oqygia RADiATAy Salter. Appendix to Ray edition of Burmeister, Org. Tril., p. 125, 

1846 (and quoted by M'Coy). 
IsoTELUs (Basilicus) laticostatus, M'Coy, in part. Synopsis Woodwardian Fossils, 

pi. i E, fig. 18 (not fig. 18 a, or of Green), 1853. 
Asaphus badiatus, Salter, App. Ramsay, Geol. N. Wales ; Mem. Geol. Sorr., vol. iii, 

p. 311, pi. zxiii, fig. 7, 1866. 

A. subplanus, 7 — 8 uneias longua ?, obtuse ovatus, aa^e anffusto^ cajnte latissimo^ glabella 
distinctd. Thorax brevis dimidium cauda effidem. Cauda aemidrctdaria lata, axe anguato 
abbreviato S-annulato, vix per \ cauda producto, apice prominulo ; limbo utrinque costis 
7 — 8 abbreviatis tumidis radiato. Sulci aquales, recti, subsinuosi. Margo anticu% valde 
sinuosus. Superficies striis obliquis striata, perornata ; fascia interna latissima, lineis 
remotis rugosa. 

This elegant and common species has not yet attracted much attention ; the first 
specimen, found at Bala by myself in a pleasant summer's work with Prof. Sedgwick in 
1844, was without much doubt referred to Ogygia in the MS. catalogue of British forms 
supplied to the Ray edition of Burmeister^ by myself. A hasty field-note had previously 
assigned our fig. 2 to the 0. Buchii, a species which does not occur in North Wales. 

Prof. M'Coy supposed he could identify this, and another diflTerent species, with the 
cast published by Green. It is quite certain they are not the same, and, indeed, that fossil 
is a Phaccps (see note, page 158). And though I do not admit his strong criticism as to 
the generic name I first gave it, for Ogygia has often simple furrows, it is more hkely an 
Ascgphus, of the group Basilicus, or of that to which A. nobilis of Bohemia belongs. 

M'Coy describes the entire form as " obtusely oval ; the cephalic shield rounded, 
about three times as wide as long, the thorax shorter than the head— -only a little more 
than half the length of the tail— of eight slender segments ; its axis rather less than two 
thirds the width of the pleurae, whick are nearly straight, slightly bent downwards and 
backwards ; the tail nearly semicircular, length more than half the width, and one third'' 
(it is nearly twice) " longer than the thorax." The rest of his description applies to the 
A. laticostatus (fig. 6), and not to our species. 

I may add that the glabella is widest in front, and the head with a distinct margin ; 
the neck-segment narrow, but strong. The pleurae well grooved throughout. The tail 
has a curiously sinuated front margin, the outer portion at the angle almost forming a 

^ A most inaccurate edition it is, especially in the introductory portion, the German terms heing 
misundefBtood by the translator. Burmeister's descriptions are intelligible enough in the original. 
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lobe. The axis runs about two thirds down the tail, is narrow, not half the width of the 
side-lobes, of about eight distinct ribs and a terminal portion, all strongly covered by 
arched striae, the tip quite prominent {a in fig. 1). The sides are radiated by eight 
equal strong furrows, which run direct to about two thirds to the flat margin, but are 
sinuated in their course. The five hinder ones scarcely reach half way. The whole tail 
(as shown in the splendid specimen, fig. 1, in the collection of Mr. Blunt, of Shrewsbury, 
who has had it for twenty years) is covered with a strong oblique striation. And the 
incurved fascia beneath is the widest and most coarsely ribbed that I know in any British 
species. It resembles that of the Bohemian fossils quoted above. AsapKua nodilis, Barr., 
however, has a larger cephalic shield and longer in proportion, and the tail has a longer 
and slenderer axis, more strongly ornamented. The side-furrows, which in ours are 
crowded at their origin, and so appear radiated, are in the Bohemian fossil more parallel. 

There is an JsapAus (referred to Ptychopyge) described by M. Lawrow in the 
' Verhandl. der Russ. Kais. Min. Gesellschaft,' 1858; pi. xiii, fig 2, which has radiating 
ribs (but fewer) and a similar sculpture. 

Localities. — Caradoc only; Rhiwlas, near Bala (figs. 2, 3, Woodw. Mus.), Berwyn 
Mountains (Mr. Blunt's collection, fig. 1). Co. Louth, Ireland (figs. 4, 5, Mus. Fract. 
Geology). 



ASAPHVS (B.) LATICOSTATUS. PL XVIII, fig. 6. 

IsoTZLUS (Basilicus) LATICOSTATUS, M'Coy. Synopsis Woodw. Masenm, pL is, 

fig. 18 a, 1851 (not of Green's Monogr. p. 45, 
which is a Phacops). 
AsAPHUS LATICOSTATUS, Salter. Morris's Catal., 2nd ed., 1854, p. 100 (Boilth locality 

only). 

Asaph, (j5.) planus^ 5 uncias longus ? Cauda lente convexa, semiovata, obtusa, margine 
angusto striato, hand concavo. Aans angustus longiconicus § cauda longm, sulcis axalibus 
exaratia bene notatus, quartamque partem latitudinis efficiens, annulis rectis 10 planatis, 
per medium interruptis; apice haud abrupto. Limbua lente convexm^ costis 10 plants 
marginem fere attingentibus, sulcisque pro/undis, ad apices recurvatis. Fascia angustis- 
sima. 

We only know the tail of this remarkable species, which Prof. M'Coy has unac- 
countably referred to the Asaphus laticostatus of Green. The American cast (No. 13 of 
the Monograph) shows that species to be a large Dalmania, which we have lately found in 
Britain.^ Prof. Green himself rightly compared his species with the Phacops {Dalm.) 

' In Mr. H. W. Edgell's cabinet. The specimen seems to be from Upper Llandovery rocks. Green's 
specimen has no locality, but he quotes it from the Helderberg (Ludlow) series. 
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Haumcinni, a Bohemian Upper Silurian fossil. There can be no reason, howiever, for insti- 
tuting a new name, as that of laticostatm is not occupied for the present genus. Jsaphus 
radiatus, with which Prof. M'Coy united it, has been described above, and is a 
totally different species, as our figures will show. 

Tail obtusely half-oval, not semicircular, gently convex ; length two and a quarter 
inches, width three and a quarter inches. The long-conical flat axis, with straight sides, 
occupies ten Unes in breadth at top, and rather quickly and regularly tapers backwards 
for five sixths the length of the tail ; it is not clearly marked out at the tip or at all 
prominent there. It is annulated by ten flat rings, which run direct across, and are 
interrupted in the middle (as in several species of PAacqps), so as to leave a line of 
connecting pomts down the centre of the axis. The furrows which separate the axis from 
the limb are deep, though narrow, the limb itself gently convex to the very margin, 
and scored deeply by eleven furrows, which are at first direct or only slightly oblique, 
and radiate outwards, then at the apices enlarge and turn backwards rather abruptly. 
They reach nearly to the margin, and invade the striated border, which is in this species 
much narrower than usual in the genus. I suppose the caudal fascia has impressed itself 
upon the upper surface, as is frequently the case. But this character will serve well 
whereby to contrast the present with the next species. M'Coy's figure is not satisfac- 
tory, and we have corrected it very carefully from the original. His figure has the axis 
too narrow at top> and the furrows across it entire, not interrupted in the middle, nor 
does it shew well the character of the lateral furrows, especially the upper one. 

This species differs at once from J. radiatus (fig. 1) in the narrower, longer form of tail 
and greater number of furrows. The furrows, too, are curved, not straight, and the striate 
border narrow, not broad, as in that species. It may be a Ptychopyge^ but I think not. 

Locality, — Llandeilo Flag. Maen Goran, Builth, Radnorshire (Woodwardian 
Museum). 

[I must be pardoned for introducing here a figure or two of a species before described, 
and figured in PI. XVI. The specimens are pressed in different directions, that from 
Builth (Woodcut, Fig. 32) being shortened by pressure, and that from the collection of 
Mr. Pardee (Pig. 33) being narrowed by the same process — cleavage-action.] 

The extreme similarity of caudal shields of this fine fossil {Ogygia comdermSy Murch.) 
to the fossil last described {Asaph, laticostatua) has rendered it necessary to show how the 
two may be distinguished, when found in company, as they are very likely to be often 
found, since they occur in neighbouring locahties of the same rock. 
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The caadal shield much resembles tbat figured as A. iaficatahis, but it difiers 
from it in the greater width of the tail, and especially of the axis, which has continuous 
non-intemipted furrows across it ; and also in the undulated, conreic and not flat, ribs 
of the limb. The caudal fascia, too, is twice as broad. 0. comdensU is, mcffe- 
over, a larger species, and must have measured full five and a half inches in length 
when perfect. 




Offygia ixmdemu, Munhiaon. 
VeT7 perfect endtl portion, from the Lower LUndeilo Flig*, BaQth, lUdaonhire (Mm. P. Geologr}. 



Tail two and a half inches long and four and a half inches wide, semicircular, 
gently convex all over, with the conical axis broader than in A. laticosiatus, not one 
fourth of the whole width of the tail, and tapering gradually 
Fio. 33. backwards to a very obscure apex, which reaches to five 

sixths of the whole length. It has about eight or ten rings, 
a little more curved than in the last species, not quite direct 
across, but not interrupted in the middle by any line of 
connected points. The axal furrows are shallow, and not 
very well defined in this fossil, while in the last they are deep 
and strong. 

The sides show a broad gently convex surface, marked 
by eight gently undulating convex ribs, the furrows between 
which are shallow, and curved backward nearly to reach 
the margin, which is a little concave only just at the end 
of the tail, not on the sides. The furrows seem to radiate just as in the last species, 
hut are more regularly curved and not bent back so suddenly as in that species. The 
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caudal fascia is half as broad as the limb and coarsely striated throughout. The other 
figures in PL XVI will sufficiently shew the characters of the species. 

Locality. — ^Llandeilo Fla^s of Fenrhiw, four and a half miles north-east of Builth. 
Collected by Miss Thomas, of Penkerrig, and presented to the Mus. P. Geol. several years 
back. The species is abundant at Oilwem, near Llandrindod ; and also at Min Cop, 
Meadowtown, in the Comdon district, whenoe the species was named. 

As reference has been made under the last two or three species to subgenera not 
yet distinctly recognised in Britain, I subjoin a figure of the subgenus Piychopyye, 
Angelin, and also one of Megala^ia, to shew the extrav^ant form sometimes assumed 
by the latter group. 




^ ' VtX. Soec,' t. uii, FogeU&ng, Scinia. 
Lower Silnrinn. 




Am. {Mtgalatfii) ti 
' PA Soec.,' t. xi, fig. 1, Oltrogothia. L. Siloritn. 



IsoTELtJs, De Kt^., 1824. 
ASAPHOB (ISOTELUS) GIGAS, Be Kay. PI. XXIV, figs. 1—5 ; PI. XXV, fig. i ( 



r.}. 



ASAPBUB FLATTCEPHALrs, Slokei. Tfuii. Geol. Soc., lat MrieB, toI. viii, p. 208, 

pi. jiTii, 1822. 
IsOTBLVS oiOAS and I. plahub, D« Kay. AhdiIb of Lycenm New York, vol. i, p. 176, 

pie. lii and zUi, % 1, 1624. 
AsAPBUB GiQAB, Datman. Paleadte, p. 71, 1S26. 
UoTtLVa QiQAS, Green. MoDOgrapb Tril., 67. I. FLancs ; I. aiEOOPS, lb., pp. 

68 — 71. I. CTCL0P3; I. HB0AL0P3, Uid., 1S82. 

Bkononiabtia isotbla, Eattm. Geo). Text-boolc, pi. ii, fig. 19, 1832. 
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AsAPHUS PLATTCEPHALUB, BroHH. Lcthsea, YoL iy p. 1 15, pi. iz, fig. 8, 1835. 

— GIGA8, Emmrieh. Dissert. 32, 1839. 

IsoTELUS GiGAS, Mlne-Edwords. Crust., vol. iii, p. 298, 1840. 
AsAPHUS PLATYCEPHALU8, Buckland, Bridgw. Treat., vol. 2, p. 7^^ 1840. 

-- — Burmeister. Org. Tril., p. 127, pi. ii, fig. 12, 1843 ; and Bay 

edition, p. 110, 1846. 
IsoTELUS GIGA8 ; I. PLANUS, Porilock. Geol. Report, p. 295, pi. viii, fig. 7 ; pL ?ii, 

figs. 2, 3 (except pi. viii, figs. 2, 3,). I. oyatus ; I. 
SCLEROPS. Id,, PL viii, fig. 5 ; pi. x, fig. 2. I. Pow- 
isii (not of ' Sil. Syst.*) Id., p. 297, pi. vi, fig. 1, 1843. 

— ME0I8T0S, Locke. Americ. Journ. Science, vol. xiii, p. 366, 1842; Trans. 

Assoc. Amer. Nat. and Geol., vol. i, pi. vi, 1843. 

— 6IGA8, Hall. Pal. New York, vol. i, p. 231, pi. Ix, fig. 7 ; pi. Ixi, figs. 3, 4 ; 

pi. ixii, figs. I, 2; pi. ixiii, 1847. 

— — Billings. Geol. Canada, p. 184, fig. 182. ^. platycephdlua^ ib., 

fig. 183? 1863. 
AsAPHUS (IsoTELCs) GiGAS, Salter. Mem. Geol. Surv., Decade xi, sec. 3, p. 1, pi. iii, 1864. 

j4. {Isot.) ovato-ohlonguB^ lamSylateribus rectia ; capite pygidioque ejmdem tnagnitudinis, 
subtrigonis et hyperboliciB. Capitis mid axcdes mininie profundi. Oculi modici et pone 
medium caput. Sutura facialis intra marginem^ cuiparallela est; labrum ad basim angustum, 
in cornua longa parallela productum. Thorax axe pleurisque ejusdem latitudinis, fulcra 
ad tertian posito. Cauda axis indistinctus conicus longusque ; in latere quoque sulcus 
superior tantum videtur, cateri desunt; oculi modici pone medium caput. 

One sometimes persuades oneself of a thing by continually asserting it, and as this 
species has been continually quoted of late years as the /. gigas, it has come to be gene- 
rally accepted as. such. There are some diflterences from American specimens, however, 
which may possibly cause its separation when we have more abundant material. I have 
used Greneral Portlock's original specimens, and, believing the species identical with the 
common American form, follow most writere in adopting De Kay's name. It must have 
been published at nearly the same time as Mr. Stokes' woxnQ plafycephalus, though the 
paper of the latter, in the Geol. Trans., was read early in 1823. Moreover the fossil 
described by Stokes has a broader form and smaller eyes than the narrower one commonly 
known as /. gigas. But if these differences be regarded as due to sex, the /. gigas being 
the S , and /. platycephalus the ? form, there would be no difficulty in accepting all 
as of one species. 

In the Decade XI of the Geol. Survey, I have fully described this fossil, and I do not 
know that I can do better than quote that description. I look upon all Professor Green's 
casts as one species. Professor Hall does the same ; and Portlock's difficulties arose out 
of an attempt to identify his variably preserved specimens with the named casts of 
Professor Green. There is no occasion here to distinguish I. gigas from /. Fowisii ; 
they belong to different subgenera. 

I would only repeat here that there is no warrant, in any fragments I have seen or 
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heard of, for supposing the great /. me^toa of American authors to be so large as the 
cast sold for lecture-purposes would indicate. Twenty-one inches is not too long for the 
largest Paradoandes, but is far too much for any species of Asaphm. 

" General shape oval-oblong, with the sides rather straight ; the head and tail nearly 
equal, and both subtriangular ; the head pointed, the tail more obtuse at the tip ; the 
surface is convex, a line taken from the snout to the apex of the tail being a regularly 
convex one, uninterrupted by neck-furrow, depression or convexity of the smooth and 
even body-rings, or by furrows on the axis of the tail. The axal furrows are very obscure 
in the head ; they are neatly marked, but shallow, along the body, and only very faint 
along the tail; all the surface is smooth, and the sides are strongly deflected, but not steep. 
The head has the shape of a broad and pointed Gothic arch, the breadth at base being 
to the length as three to two ; the margin is very narrow and flat, not at all recurved ; 
the facial suture, forming a broad ogive arch in front, runs for some distance close within 
and parallel to the front margin ; and beneath the eyes, — ^which are large, placed near the 
glabella, and rather behind the middle of the head — the suture curves gently out and 
cuts the hinder margin midway ; the head-angles are blunt-pointed, not rounded. On 
the under side of the cheek, near the angle, is a convex space containing an oval 
depression, which receives the apices of the front pleurae in rolling up (fig. 6 ; see also 
fig. 5 for the cast of this depression on the matrix). The labrum (fig. 7) has a narrow 
base^ then a strong constriction^ and thence the sides are parallel ; its apex is deeply 
furcate, the parallel forks occupying nearly half the entire length of the organ. Body- 
rings smooth, rounded at the apices, deflexed at the fulcrum, which is placed rather 
beyond one third, and with a broad strong groove. Tail subtrigonal, with straight sides 
and rounded blunt tip ; the faint axis rapidly tapering, broad-conical, and reaching three 
quarters the length ; sides quite smooth. In young specimens (says Professor Hall) the 
tail is more pointed, and exhibits eight faint articulations; in older specimens these 
increase in number, but the crust presents many traces of them when viewed from within, 
and they are often distinct (Hall, Pal. New York, loc. cit, p. 231). Dr. Burmeister also 
calls attention to this character, which is, indeed, no more, as we shall see by and bye, 
than occurs in most of the smooth-shelled genera, the lobes being only obscured, not 
destroyed, by the even contour of the crust. Illanus shows this well, not only on the 
axis, but even in the inflated glabella. I have not seen internal lobes to the glabella in 

this species, but Dr. Burmeister figures them as strongly expressed." 

« 

Varieties. — If I am right in connecting the two forms above given — viz., A.platy- 
cepAalus, Stokes, and /. pyas, there are two very distinct varieties of this species — ^the 
one, A. platycepAaltts, with ** broad form and with small eyes ; the other, of elongate 
form, and with variably large eyes, to which nearly all the above synonyms belong." I 
have quoted the best figures of these from -the 'Geology of Canada,' (1863), by Sir W. 
Logan and E. Billings. But I have no difliculty in referring these differences to sex, 
the conunon form, /. yiyas, being the c? . 



64 SILURIAN TRILOBITES. 

Localities. — Caradoc Rocks. Desertcreat, &c., Tyrone, Mus. P. Geology. The 
species ranges all through the North American Continent, in Lower Silurian rocks. 



AsAPHUs (IsoTELUs) AFFiNis, M'Coy, PI. XXIV, figs. 13 — 14. 

IsoTELUS AFFINIS, WCoy, Synops. Fo88. Woodw. Mu8., pi. i F, fig. 3, 1851. 
AsAPHUs — Salter, App., Ramsay G^l. N. Wales, Mem. Geol. Sanr., vol. iii, 

p. 310, pi. viii, fig. 15 (pi. xii, fig. 4?), 1866. 

J, (Isot.) lonye ovatus, capiie rotundato, . spiculis brevidus. Oculi nubmedii parvi. 
Sutura facicdia ad frontem marginalia. Axis cauda lavissima longfus, et apice vix 
prominulo tenus prominens. 

There are possibly two species in the Upper Tremadoc Rocks, arid I retain for one of 
them the name given by Prof. M'Coy to an imperfect specimen, without head and 
without apex to the tail, but which, on comparison, seems to agree (the figure does not) 
with our Tremadoc species. In case the J, Hom/rayi, fully described by me in the 
volume of the ' Memoirs' above quoted, should prove to be identical with this, Prof. 
M' Coy's name must give way^ as it is quite impossible to determine his specimen. Still, 
the great diflference in the facial suture in front, rendering this species a sort of link with 
Basilicus, ought to distinguish it from the next, to which it has the closest resemblance. 
Were the two alive, we should probably find them totally different in colour. But 
palaeontologists have no such advantages in pursuing their studies, and must make the 
most they can of form. 

Oblong-oval, two and a half inches long, of which the head measures more than a 
third, and is rounded in front ; the glabella is very obscurely marked out, and has no 
furrows : it is most convex forwards. The facial suture curves boldly out above the eye, 
and cuts the margin considerably outside of it. Below the eye, which is of moderate 
size, more than half-way up the cheek, and close to the glabella, — ^the suture again curves 
largely out. No distinct neck-furrow is to be seen ; and this is usual in Isotelus. 

Thorax shorter than the head, but as long as the caudal shield. The axis broader 
than the sides, and not strongly separated from them. Pleurae flat as far as the fulcrum 
(which is at one-half in the middle rings), then curved rather than bent down. The 
facet broad and very well marked. Pleural groove obscure, ' except just beneath 
the fulcrum. 

Caudal shield larger than a semicircle, but proportionately rather short, without 
any segmental furrows on the sides, except the uppermost. Axis narrow, tapering, well 
defined, and reaching three fourths the length of the shield; its end not prominent. 
Incurved fascia broad, striate. 

The under side of the head has the broad epistome well divided by a strong vertical 
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farrow, so characteristic of this subgenus ; the labrum is subquadrate> broader above and 
narrower towards the truncate tip. It appears not to be at all bilobed (unless it be 
imperfect in our specimen ; but if it be not, J. e^nis does not belong to Isotelus, but must 
form the type of an entirely new subgenus). It resembles some of the Swedish species 
of Cryptonymus, but the course of the facial suture and the indistinct glabella will 
distinguish it from these ; while from the species of Isotelus the well-marked-out axis of 
the caudal shield will easily separate this primordial species. 

Locality. — ^Uppeb Tremadoc Slate. Pen-y-clogwyn, S. of Portmadoc, in flinty 
slate, much compressed by cleavage ; at Garth, Penrhyn ; and near Llanerch, by the roadside 
towards Treflys. Prof. Sedgwick's specimen came from the slopes above Tremadoc ; and 
I have gathered this species at Tyddyn-dicwm, on the Tremadoc mountain-side. 

[This and the following are the earliest true species of Jsaphus known ; if, as above 
said, the labrum do not betray an affinity with Oyyyia.'] 



AsAPHUs (IsoTELUs) HoMFRAYi, Salter. PI. XXIV, figs. 6 — 12. 

Ajbaphus Homfrayi, Salter. App., Ramsay Geol. N. Wales, Mem. Geol. Surv., vol. iii, 

p. 311, pi. viii, figs, 11—14, 1866. 

A. {Isot.) lonye ovaius, lente convexusy capite ante mhangvlato^ spiculis brevidus. 
JSutura facialis intramaryinalis. Oculi sudmedii, parvi. Axis cauda lonyus^ ad apicem 
^jmmintdua. 

This is a more common species than the last, and is, indeed, not infrequent in the 
"Tremadoc district. It is conspicuous too, being three inches long and one and a half 
l)road. Compressed as our fine specimen from Mr. Homfray's cabinet is, it measures 
Tthree and one third inches by three quarters of an inch. The Museum of Practical 
Geology has a fine series, presented by the same gentleman, to whom geological science 
^fis indebted for much hard work in the Tremadoc district. 

The head is more than a third of the whole length, and longer than the thorax, 

"^irhich, in its tum^ is longer than the caudal shield. The head is semi-oval, rather 

;^K)inted in front, and has very short posterior spines ; it is broadly depressed round the 

^nargin. The glabellar portion is scarcely marked out ; the eyes are placed nearly half 

"^¥^ay up the head ; they are small (two lines long), the facial sutures curving out boldly 

^)eneath them, and cutting the posterior margin more than half-way out from the axis. 

^Above the eye they form a narrow ogive, and nearly follow the front margin. On the 

Vmder-side of the head the vertical furrow on the epistome shows distinctly through the 

c^ast. The labrum is imperfect, but exhibits a strong maipnal groove and two small 

lateral furrows. 

The body-rings have the axis as broad as the sides, and moderately convex. The 
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pleuree are flat as far as the fulcrum, truncate at their ends, and have but a slight groove, 
which reaches only two thirds of the length. The fulcrum is at one third in firont, and 
less than half-way out in the middle rings. 

The caudal axis extends three fourths down the smooth tail, very indistinctly marked 
above, but in some specimens crossed by several faint rings, and is always prominent at 
the tip (see figs. 10, 11). 

This has the characteristic facial suture of Isotelua ; but if its labrum be like that of 
A. qffinUy a point which is not yet known, it may belong to quite a distinct subgenus. 

A. Homfrayi differs firom its associate A. affinis^ not merely in the facial suture, but 
in the much less pronounced axis of the tail ; and from A. Povnsii, with which it might 
be confoimded by casual observers, the want of any tail-furrows, except obscure ones, on 
the axis, and the very slight convexity of the glabella, will easily separate it. Besides, it 
grew to only half the size of that Caradoc species. 

Zocalitiea. — ^Uppek Tremadoc Slate. Under Garth, near Tremadoc. Railway 
behind Penmorfa village. Tu-hwnt-yr-bwlch, near Portmadoc (cabinet of Messrs. Ash 
and Homfiray, and Mus. Pract. Geo!.). 



$ Brachtaspis, Salter, 1866. 

ASAPHUS (ISOTELUS) RECTIFRONS, Poftloch} PL XXV, figS. 6—10. 

IsoTELUS EECTIFB0N8, Portlock, Geol. Rep., p. 298, pi. ix, fig. 1, a, 6, and pi. Tiii, 

figs. 2, 3, 7 (head), 1843. 

— ABCUATU8, Id. lb., pi. ix, figs. 2, 3 (tail). 

— RBCTiFROKS, Salter, Mem. Geol. Surr., Decades No. xi, sec. 3, p. 4, 1864. 
[Compare A. ItBvigatiu^ Angelin, Pal. Suecica, t. 29, fig. 1, 1852.] 

A, {Brack.) late ovatus, lavis, obttistiSy cut caput catidaque transversa, convexa sunt. 
Caput breve, vix semicirculatum, anffuiis obtusis defleivis. Oculi arcuati, procul pone 
medium caput positu Sutura facialis postica dimidium gencB effidt, anterior axi parallela est. 
Tlioracis axis latus, vix a pleuris arcuatis distinctus, fulcro propinquo. Cauda brevis 
{Jong : lat :: 7 : 12), axe lato, 11 annulis minime profundis distinctus, Jiaud prominente,sed 
in apicem prominulum desinente : latera, nisi sulco superno lato exarata, (equalia, limbumque 
angustum planiorem gerentia. Fascia modica, striis distantibm. 

I venture to consider this the type of a distinct subgenus, intermediate between 
Isotelus and Cryptonymus ; the extremely short form of the head and tail, and the 
marginal suture in front, distinguishing it easily. A. Icevigatus, Angelin, figured in the 
next page, belongs to the same group. 

^ General Portlock himself said that the species should form a new group, intermediate between 
Asaphus proper and Isotelus. 
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Head rather shorter than semicircular, gently convex ; the angles rounded, bat rather 
produced and incurved. The space between the eyes equal to the length of the head, 
the lai^, curved, semicircular comese being placed at one third from the base, about their 
own length distant from it ; the eye-lobe horizontal, flattened above, and surrounded by 
the very convex lentiferous surface. The glabella quite obsolete, only marked by a deep 
punctation below the eye. The facial suture nearly straight above the eye, curving 
gHiUy out, Mid cutting the front margin, along which it runs. Below the eye it runs out- 
wards much beyond the eye about halfway along the check, and parallel to the posterior 
margin. On the underside of the head a narrow, convex, incurved margin shows the deep 
narrow pit above the angle for the reception of the pleune in rolling, and in front has a 
wide flat hypostome, divided by no vertical suture as in Isotelm, and showing a rather 
narrow base of attachment for the labmm, which is not yet known. 

Of the body-nngs we have only five, and these have a very broad axis, much wider 
than the pleurae, and only divided from them by a shallow sulcus. They are much curved 
forward at tbeir rounded ends. The ftdcrum lies near the axis, about one fourth out. 

Hie tad (/. arcuatus, Fortlock) is wider than a semicircle. The upper angles are 
much bent down for the facet, llie axis, marked out at its origin by two deep impres- 
sions, is at this part rather wider than the side-lobes. 
But from this point backwards it is not indicated, except 
by a shght prominence at the apex, which occurs at 
three-fourths the length of the tail. A broad shallow 
farrow beneath the fulcrum is all the marking that shows 
on the smooth convex sides. Caudal fascia concave, so 
narrow that its edge is not indented by the point of the 
axis; it is strongly lineated, the lines abutting sharply 
against the inner margin. I. intermediua, of Fortlock, 
was formerly quoted by me wrongly as a synonym. But 
General Fortlock erred in comparing this species with 
A. tjp'emnm, which it does not in the least resemble. 

But, if compared with the recently published Jsap&ua 
laciffatua of Angelin, tbe resemblance is so close that, 
were it not for considerable differences in the proportions 
of the head, and especially in the course of the facial 
suture beneath the eye, I should have combined that 
species with ours. They are, however, clearly distinct. We must include J. lavi^atus 
30 the same subgenus, and I give a figure of that species, which may serve to illustrate 
the subgenus Brachyaspia. 




Ataphui SraeijiaipU) Itrvigatut, 

Angelin, Lowec SilanaD, Sweden. 

From the > PalEGontologia Sneciea,' 

pi. xzii, fig. 1. (Tbe thorai in 

imaginat;.) 
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Other Species of the Subgenus. 

To render our account eomplete, I must quote from the Decade XI, Geol. Survey, 
hoping in an Appendix to fill up these desiderata. 

AsAPHOs (IsoTBLrs), «. 8p. Salter. Quart. Geol. Journ., Vol. VII, PL VIII, fig. 2. 

A caudal portion of an undetermined species, figured by myself for Sir R- I. 
Murchisou'e paper on the Silurian- rocks of the South of Scotland. Probably distinct 
from I. gigas. 

Locality. — Llandbilo Flags {?). Bogang or Bugan, Knockdolian, Ayrshire. 

AsAPHOS (IsoTELDS?), ^. Sdter. Quart. Geol. Joum., Vol. IV, p. 205. 

Quoted in Professor Nicol's paper on the Peebleshire Silurians. The specimen is 
now lost, but was stated to be allied to A. gigaa. 

Locaiiig. — Caradoc. Wrac limestone, Peeblesshire. 



Cbyptontmus, Eichwald, 1825. 

The typical species of this section is the well-known Aaaphus expansm of the Swedish 
and Russian works, of which a figure is given below. But though our British species 
does not show the lobes of the glabella, it has the hourglass-shope of that portion ; the 
facial suture in a low ogive close to the contracted front margin ; and the tail-axis with 
many obscure joints marked out within the crust. Lest, however, I may be mistaken 
in referring it to that subgenus, the figure will show what the type should be. I regard 
the British fossil as a link between Crgptonymus and Isotelus. 




Atofhta (^Crypimyaa) txpaatu*, Ri 



CRYPTONYMUS. 




jli^hut (Oyfl.) XbwainmHJ, Lower Silnrian. Palkowki, Rottit. (From Uwraw.) 



AsAPHUs (Ceyptontmos) sctiTALis, &ilter. PI. XXV, figs. 2 and 3. 

IsoTELDi UCViCBPS, Portt. Geol. Report, p. 299, t. ix, fi^. 4 (not of Baltium, Paleadce., 

t. i7, fig. I), 1843. 
AsAPHua (IsoT.) LATiGEPB ! Sailer, in Morria'a Cat&l., 2iid edition, p. 100, including 
vroDgly /. inlennedim. Port). ; aee J. gigiu, 1854. 

— (Cktptok.) lsticbps? lb., in Decade xi, Geol. Snirey, under the deacrip- 

tion of ^. ffiffot, iec. 3, p. 4, 1864. 

— BCDTAUB, Salter, in the Catalogue of Foaaila in the Mas. P, Geology, p. 5, 

1864; 

J. {Crypt. ?) modicut, triuncU, late ovatm, convexus, caudd ohtusd, capite subanpdato. 
Caput caudd longivs {lofiff. 1^ unc, lat. 2 uncias), anffulis obtusis. Glabella non lobata, 
lavistima, in medio capite constricta, et sulcis axalibuspone oculog pro/itndia convergentibua, 
ante minime profundia et diverffentibui. Oculi ex medio capite prominentes, proptores. 
Sutura facialea postiem valde arcuatee, pane angtdum attingenies. S^orax axe lato con- 
veto, pleuria brevibus. Cauda semiciradata fere ; axe conico prominente sub cortice annu- 
lato.per \ catida extenso. Latera cauda leevia, sulco mpemo solum distincto. 

The Asapkus laviceps of Dalman's Pal^adaB, T. IV, fig. 1, though in some general 
(diaracters hke this species, is quite another thing really, and is a species of the subgenus 
Sjftyiystmis rather than of Cryptonpnus or Isotelus, as Professor Bunneister pointed out. 
It is near to A. pedpebrosus, Dalm., and Portlock himself pointed out some of the 
diff^ences from his species. 

/. intermedius of the last-named author, which he says he only separated provisionally 
from /. Itsvicept, is a crushed specimen of the A. gigas. Portlock seems not to have 
been clear about this form, for he has labelled the specimen here figured (fig. 3) as 
Isotelus intermedius, whereas the axis of the tail is well marked out, and the ribs visible. 

I have figured the true I. intermedius of Portlock with ours at the top of the plate, 
that the difference in the eyes, thorax, &c., may be apparent. Our species is a marked 
«ne, and I am glad to have the opportunity of clearing it up. It has long been in the 
Hub. p. Geology as A. scutalia (MS.). 
22 



V 
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Our fossil seems to have been about three inches long. The general form is very 
broad-oval, blunt behind, but angulated in front of the semioval head, which is much 
longer than the tail, and a little longer than the thorax-rings. In our best specimen it 
is thirteen lines long by two inches wide, and of this width the hour-glass-shaped glabella 
occupies more than one third below, contracting to much less than a third midway, 
opposite the eyes, and again expanding to nearly half above, to form the forehead-lobe. 
No lateral lobes or furrows interrupt the very even contour of the glabella, which is 
divided from the equally convex cheeks by a rather sharp but not deep furrow, ending 
on the neck-margin in a distinct punctum, not strongly enough shown in the plate. 
In the extremely narrow and almost obsolete neck-segment there is so close an approach 
to IsoteluSy that I think we may fairly look on the species as linking together the two 
subgenera. 

The eyes are placed halfway up the head, and are much raised, not very large, 
approximate (measured from their outer edges they are as far apart as the length of the 
head). The cheeks are regularly convex, the angles rather acute than rounded, and 
above the angles is seen the pit for the receptiou of the pleurae, so conspicuous in Asaphus 
gigas, PL XXIV, fig. 6. Portlock notices this as a tubercle, but a tubercle on a cast 
signifies a pit on the true surface. 

The facial suture curves largely out below the eye to more than half the width of the 
cheek ; above it keeps within the line of the eye to reach the margin, and then continues 
parallel and close to it all along the front, scarcely angular even at the point itself. 

The body, of eight rings, and the tail, can only be described from a single specimen 
(fig. 8), and this presents some difierences from the central figure (fig. 1), which belongs 
to /. gigaSy though, like fig. 3, it has been labelled as /. iniermediuSy Portl., a species 
which must be entirely obliterated. 

The axis of the thorax is as broad as the pleurae, but more convex than in /. gigas ; 
the fulcrum is rather close to the axis ; the pleural groove short, faint, and not so strong 
as in that species. The tail of our specimen (fig. 3) is semicircular, with smooth, gently 
convex sides, and a narrow raised axis, extending slightly more than two thirds down 
the tail, and marked interiorly by ten or eleven rings, or rather by a double row of 
puncta (representing the glands described at p. 52), one on each side of the axis. The 
sides are furnished with one long and broad depression or upper furrow, but with none 
else, the sides being free from ribs, as in all Cryptonymi or Isoteli. The fulcrum is 
strongly marked, and the facet broad, long, and turned much backwards. Caudal fascia 
broad, strongly striated. 

Locality, — Caradoc, Tyrone (Mus. P. Geology). 



The sub-genus Nileu$ has not yet, so far as I know, 
occurred in Britain, although it is so common in Northern 
Europe that it may reasonably be expected to be found 
in our own Lower Silurian rocks. I subjoin a figure of 
the common N. armadillo, Dalman, to show the near 
approach made to Illanus by this peculiar group of 
Aaapkida. The internal lobes of the glabella are well 
seen in the cast ; the specimen is a fine one, in the British 
Museum collection. 




SrroiNA, Scdter. 



Among the many new and interesting forms of Trilobites described by Major-General 
Portlock in his work on Londonderry and Tyrone, a small species of Amphm is recorded 
from the Lower Silurian of Tyrone, which he named A. latifrons, distinguishing it from 
8ome other species by the breadth of front included within the curve of the facial suture. 
The species is remarkable for the position of the eyes, which are placed so far backwards 
and inwards as to be close to the base of the small and narrow glabella. This 
peculiarity of habit is associated with some other characters which will remove the 
species from Asaphua. The flatteiied-oval form, long axis to the tail, and the head- 
spines, much resemble those of Ampkus, from which the nine ungrooved pleiirae 
effectually distinguish it. In the partial obliteration of the glabella, number of body- 
ringa, and course of the facial suture, it is closely allied to IlltBtim, from which its 
habit differs so much ; and there is enough of the under side preserved to show there 
was no rostral shield, which last is an essentia! character of Illcenus. The technical 
generic character may be thus given : 

Body ovate, flattened; head and caudal shield nearly equal; body of nine rings, and 
with narrow axis ; eyes small, placed far backwards and inwarcU, near the base of 
the glabella, which is quite distinct above, and much contracted below. Facia! suture 
Tnarginal along a wide space in front, and below the eyes curved outwards and ending 
«n the posterior margin ; no rostral shield ; labrum convex, entire ; pleurae without 
:farrow3 ; tail with a long and partially furrowed axis. 
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Stygina latifkons, Portiock. PI. XVIII, figs. 7 — 10. 

AsAPHUS LATIFB0N8, Portlock, Geol. Rep. Londonderry and Tyrone, ]^. rii, figs. 5, 6. 

— MABGiNATUS, Portlock, lb., fig. 7, 1843. 

Stygina latifbons, Salter. Rep. Brit. Abboc. Trans. Sect., p. 59, (read 1852), 1853. 

— — Id. Siiuria, 1st ed., 1854; and 2nd ed., p. 184, Fobs. 26, 

fig. 2, 1859. 

— — Id, Mem. Geol. Surv., Decade xi, Bee. 2, p. 1, pi. ii, 1864. 

S. sescuncialis, ovata, awe anytiato; spicula capitis brevissima. Caput semiovatum, 
obtusum, glabella ad basim anffustd^ oculis retrorsis, ad basim capitis pane retractis. 
Cauda semiovata^ obtusa, awe subannulato. 

The general form is depressed and elliptical ; the length about one inch and a half, 
the breadth one inch. The contour of the head, which is exactly as long as the caudal 
shield, and more than one third the whole length, is nearly a true semi-oval, evenly convex 
except on the median line behind (which is abruptly raised), and slopes on all sides 
to a concave border. The glabella, scarcely defined at all in front, though faintly indicated 
(more strongly so in young specimens), is of a pyriform shape. Posteriorly it is much 
contracted, and again suddeuly expanded upon the neck-border. Its greatest width' 
behind is not above one fifth that of the head. The eyes are small, convex, much 
curved, placed at less than their own length from the hinder margin, opposite the 
contracted part of the glabella, and rather further apart than the width of the thoracic 
axis. The facial suture runs nearly out nearly at right angles beneath the eye, and 
in front of it describes a large arc diverging from the eyes at an angle of 70°, and cutting 
the anterior border far outwards, in a line overhanging the fulcral points. The facial 
suture is strictly marginal in front, and the hypostome (fig. 4) appears to be quite con- 
tinuous, without a rostral shield as in Illanus, or a vertical suture as iu some AsapAi. 

Two good specimens in Dr. Wyville Thomson's cabinet show the labrum, but its 
margin is broken off*. It is wide at its attachment, considerably convex in the middle, 
more so than in Jsap/ius, and is marked with concentric lines on the sides. There is 
not enough to show that there was no marginal groove, or whether the tip was rounded 
and entire, as in lUcsiim, which is most probable. 

Thorax of nine rings, not so long as the head, and with its axis only two thirds 
as wide as the pleursR, convex. Pleurae flat as far as the fulcrum, which is about 
the width of the axis remote from it. Thence the pleurae are bent down and a little 
back, and facetted for rolling up. There is no groove whatever to the pleurae, which 
in this respect resemble those of Illanus, 

Tail semi-oval, blunt, not convex; the conical axis about half the width of the 
sides, and reaching fully two thirds the length of the tail. The axis has about eight 
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faint furrows. The sides are gently convex at first, and then broadly concave, with 
a somewhat sharply defined margin ; it is without any farrows, even the usual upper 
one is obsolete, or nearly so. The apex is very blunt, more so than the front of the 
head. The incurved striated portion is broad, and not indented by the point of the axis. 
Locality, — Caradoc of Desertcreight, Tyrone. It will probably be found in the 
South of Scotland. 



Stygina Murchisoni^, Murchison. PI. XVIII, fig. 11. 

Ogtoia Mubohisonijb, Murchison. Silur. Syst., pi. xxv, fig. 3, 1837. 
Stygtna Mubchisoni^, Salter. Rep. Brit. Assoc. Trans. Sect., p. 59 (read 1852), 

1853. 

— — Id, Morris's Catal., 2nd ed., Foss. 10, fig. 4, p. 55, p. 

115,1854. 

— — Id, Siluria, 2nd ed., p. 55, Foss. 10, fig. 4 ; pi. iv, fig. 1, 

1859. 

— — Id. Mem. Geol. Surv., Decade xi, sec. 2, p. 3, 1864. 

S. convewa^ valde trilobatay capite longe semiovato cum spiculis productis. Cauda 
hmge semiovata^ axe prominuio lavi, non annulato. 

In the black schists, which alternate with conglomerate and grit-bands at Mount 
Pleasant, Carmarthenshire, and which are most probably of Caradoc, not of Llandeilo 
age, a single specimen of this rather remarkable fossil occurred to Sir Roderick 
Murchison's hammer, and none other has since been found. The locality is worth 
searching. Nacula and Orthoveras are found with it. 

The head is greatly longer in proportion than that of the species last described, 
forming a long semi-oval, produced behind into lengthy spines, and divided strongly 
into glabeUa and cheeks at the base. Above, our only specimen is indistinct, and it does 
not show the position of the eyes. 

Of the thorax-rings but three or four joints are preserved, but these show the 
trilobation to be very strongly marked, and the axis is quite convex, while the pleurae 
are considerably bent down from the fulcral point, and backwards too. They seem 
to be longer and narrower than those of S, latifrons. 

The tail, reversed on the specimen (which was probably curled up when imbedded 
in the silt) is also of a long-oval contour, and its narrow axis is prominent to the 
very end ; it shows no signs of transverse ribbing. The sides are faintly convex, then 
concave along the margin, which reveals, when the upper crust is removed, a moderately 
broad fascia, closelv striated. 

The species differs at a glance from S. latifrons in the much longer shape and 
more protracted head-spines. The tail, too, has a longer axis, without a trace of annular 
furrows, and the trilobation is throughout much more distinct. 
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Locality. — Caradoc ? Black shales of Mount Pleasant, Carmarthen. 
Presented to the Geol. Soc. Museum by Sir R. I. Murchison. It is named after 
Lady Murchison, and is as rare a species as any in Britain. 



Stygina — , sp. Woodcut 40. 

I do not like to risk naming an apparently new Stygina, with much shorter tail than 

in the two preceding species. It is from the Caradoc slates of Pem- 
40. brokeshire. The axis reaches only half way down the tail, and the 
general shape is very broad. 

^^ . Locality, — Caradoc. Sholes Hook, Haverfordwest. Mr. H. Wyatt 

Edgell's cabinet. 




Stygina? Musheni, n. sp. PL XXIX, fig. I. 

S, major, triuncialis^ late ovalis, subplanus^ thorace caudd ohtmd breviore. Axis 
corporis depreasua, annulis arctuitis. Pleura lente convexa. Cauda semiovalis, obtuaa Qat. 
20 lin.y lony, 14 lin.), axe longo primum conico, dein parallelo ; apice hand prominulo, annulis 
obscuris. Limbus lente convextts, margine angusto concavo. 

A larger species than either of the two preceding, and unfortunately not perfect 
enough to determine the genus. I have figured it with the Illani only because 
there was most room on the plate. But it can hardly belong to any known British 
genera except Asaphus or Stygina^ and I refer it to the latter for choice. 

The whole fossil must have been above three inches long, for without the head it 
measures fully two inches. The thorax, with a gently convex surface, is shorter than the 
tail, and has a much wider axis, of eight arched rings, and with the axal furrows well 
marked out. The pleurae are so much lost and obscured by rubbing, that we can only 
see they were unfu^rowed and much arched, not bent down greatly. This is like Stygina 
or lll(EnuSy not at all like Asaphus. 

The tail is more perfect, and shows a wide semioval plate, blunt behind, gently 
convex, except the narrow concave border. The axis is not convex, and is very narrow, 
broadest and conical at the base, then parallel-sided, and extending to the edge of the 
concave border, but there indistinct, and, as it were, connate with the border. This is 
partly the case with S. latifrons. A few obscure annuli show at the upper part. The 
sides of the tail are smooth, and show no trace of furrows, not even the top one. 

Locality, — In a gray calcareous flagstone boulder (from the Caradoc probably) in 
the drift of the Severn, near Buildwas. Cabinet of the late James Mushen, of Birming- 
ham, whose persevering labours collected so fine a series of Silurian fossils. 
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PsiLOCEPHALUs, fiew geuvs, 1866. 

This has been long a MS. name, but only not yet made public owing to the great 
delay in the publication of vol. iii of the * Memoirs of the Geol. Survey of North 
Wales.' The genus is an inconspicuous one, and at first sight it looks as if it might be 
placed with either Asaphus or Illantis, But the shape of the head, all but lobieless, as 
well as the forward position of the small eye, easily distinguish it from Nileus, the group 
of Asaphi which it most nearly resembles, while the eight grooved body-rings effectually 
exclude it from Illanus. In the absence of the hypostome and labrum — essential 
characters in the Aaaphida, it is impossible to characterise it fully. But I feel assured 
it is a distinct genus. 

Oval, convex, especially the head, which may be described as inflated, with a faintly 
marked out parallel-sided glabella, undefined in front ; no marginal furrow ; eyes very 
forward and small ; head-angles obtuse ; body of eight rings, with grooved and facetted 
pleurse ; it has an ungrooved tail, with a rather long distinct axis; the metamorphosis is 
only partly known. 

Psilocephalus may be considered as formirig the passage from Illanus to Amphm, 
by means of the abnormal subgenus Nileus of Dalman. 



PsiLOCEPHALus INNOTATUS, Salter. PI. XX, figs. 13 — 19. 

PsiLOCEPHALUS INNOTATUS, Salter, App., Ramsay, Geol. N. Wales; Mem. Geol. 

Surv., vol. iii, p. 315, pi. vi, figs. 9 — 12, 1866. 

P. laie-ovattta^ lavia, sescuncialis ; cujus caput semiovatum caudd semicirculatd majus ; 
sunt 8 pleura, fulcro tenue {ad tertias posito), plana dein decurva. Cauda lavissima, 
axeprominulo. 

This neat and rather conspicuous form is the most abundant fossil in the Lower 
Tremadoc beds, and usually found in company with the much rarer Niobe Homfrayi, 
described at p. 143. We owe our best specimens to David Homfray, Esq., of 
Portmadoc. 

The general shape is a rather broad blunt oval. It is scarcely an inch and a half, 
seldom more than an inch, long, by about three quarters of an inch broad. The form 
is very convex, especially in the head, which is but slightly lobed ; the tail more 
strongly so, and the thorax strongly tri-lobed throughout. 

The head may be called hemispherical ; it is considerably longer than the tail, semi- 
oval, blunt, very convex and smooth, not margmed at all in front. The glabella is confused 
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with the cheeks, and scarcely marked out except near the base, as in lUanua; it is about 
as broad as the cheeks. Neck-furrow quite absent. Fixed cheeks narrow, and the free 
cheeks a small segment of a circle ; the fiu:ia! suture taking its rise near the obtuse outer 
angles, running obliquely forwards to the front margin, which it cuts rather within than 
immediately over the eye. The eye is very forward, fully two thirds up the head, and small. 
The body is strongly trilobed, a little shorter than the head ; the axis narrower than the 
sides, tapering backwards slowly, and very convex. The pleurae have square ends, are 
blunt, a good deal curved down from the fulcrum, which is at one fourth in front and 
thence extending further and further out till it reaches one third in the hinder rings, an 
unusual arrangement. The pleurae are flat or but slightly concave as far as the fulcmm, 
thence sharply facetted and decurved, and striated lengthwise. The pleural groove 
shows strongly, but only towards its lozenge-shaped outward termination. 

The semicircular, somewhat convex tail has the axis rather long, blunt, sub-cyHndrical, 
reaching three quarters down the tail ; it is smooth and has a blunt prominent tip. The 
sides are convex, smooth, with no flat or hollow margin along the striate border, and no 
furrows or ribs whatever. 

Metamorphosis; one young specimen ffig. 17) shows only five rings. 

Localift/. — Lower Tremadoc beds of Penmorfa, Tremadoc, and the neighbourhood 
of Borth and Moel-y-gest ; e.g., Borthwood, Tyn-y-llan, Tyddyn-Uwyd farm, &c. Mr. D. 
Homfiwy's fine specimens are figured, but the species is now in many other cabinets. 

PsiLOCKPHALUs INFLATES, Sedter. Woodcut 41. 

PaiLOGEPBALUs IHFLATD3, Salter. App., Ramuy, Geol. N. Walei ; Mem. Oeol. Snrr., 
Tol. iii, p. 316, woodcut fig. 8, 1S6C. 

P. prorsua trilobatus, capite ivfiato, et glabella conspieue rotunda. Jxia corporig 
prominulua, caudm brevisaima disfinctissimm, et valde a lateri se^unctus. 

This small species has always appeared to me to differ from the preceding. The 
head is very convex, the glabella rounded, and sepa- 
^"'- '*•■ rated by its convexity and by distinct furrows from the 

head. Eye? 

Body with a moderately broad convex axis, also 
well distinguished from the somewhat convex pleurs, 
the hinder of which are curved. I can only find 
seven body-rings. The tail, if it belongs to the same 
FtiiQcrphaiiu ii^hu, s»jter. spccics (and I bcIieve it does) is very short, and has 

.."*l> u°",°t!. ' u- T the axis not only convex but short-conical, and marked 

Mr. D. Homfmj'i obinet ■' ' 

out clearly all round. 
Locality. — Lower Trbmadoc, lowest beds, north-west of Penmorfa, on the Caernarvon 
Road (a, b). Upper beds, Trwyn cae lago, Portmadoc Harbour (c). Borthwood. 
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PLATE XV. 



LLANDEILO FLAGS. 



Figs. 1 — 6. Of/ygia Buchii, Brongniart. 

1. ,, „ Male form i , Builth (Mr. Davies' cabinet), of the true 

convexity (most of the specimens are flattened). 

2. „ „ Specimen showing the labrum in situ. (Same cabinet.) 

3. „ „ Labrum. (Miis. Pract. Geology.) 

■ 

4. „ „ Portion of the striated upper border of the tail. 

5. ., „ Female form ? ; a variety vrith the dorsal tubercles con- 

spicuous. (Mus. Pract. Geology.) 
G. ,, ,, Female form; a fine external cast. Presented to the 

Mus. Pract. Geology by R. Banks, Esq., of Kington. 
Figs. 7, 8. Of/yffia / ? (or Phacops) siibditplicata, Salter. Llandovery Rocks of 

Haverfordwest. (Cabinet of Mrs. Breawell, Brighton.) 



LOWKR SILIIP.IAN. 




PLATE XVI. 



LLANDBILO FLAGS OF BUILTH, RADNORSHIRE. 



1. 



2. 



Figs. 1 — 14. Ogygia Corndensis^ Murchison. Chiefly from the cabinet of Mr. 

Griffith Davies, of Cloudesley Street, Islingtxm. 

The smaller specimens (figs. 2 — 6) are from the 

Shales of Trecoed, North of Builth, and are in 

the Musemn Pract. Geology. 
Male i form ? with pointed head. Gilwem, near 

Llandrindrod. 
Young specimens, but with the frdl number (A 

rings. Trecoed. 
Distorted young specimens. Trecoed, Builth. 

The number of rings not quite certain. 
Very young state, with only six body-rings. 
Somewhat older, with seven rings. 
Half-grown specimen, the head has slipped over 

three of the body rings, and only five are visible. 
The originally figured specimen, from the Corndon 

Mountain, Shelve. (See ' Siluria,' pi. iii, fig. 4.) 
Very large specimen, showing impression of 

labrum, and the caudal fascia below. Gilwem. 
Young specimen, with labrum in situ. Gilwem. 
Full-grown female ? form, rounded at both ends. 
Half-grown specimens. Gilwem. 



3,4. 



5. 
6. 



8. 



9. 



10. 
11. 
12, 13, 14. 
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LOWER SILURIAN. 







PLATE XVII. 

LOWEST SILURIAN (ARENIG GROUP). 

Figs. 1 — 7. Ogygia Selwynii^ Salter. 

1. „ „ Restored figure (not quite correct in proportions, the 

glabella should be broader), chiefly from specimens 
in the Museum of Practical Geology. • 

2. „ „ Glabella. (Mr. Lightbody's cabinet.) White Grit 

Mine, Shelve. 

3. „ „ Compressed. From Llanfaelrhys, Aberdaron, South 

Carnarvonshire. (Mus. Pract. Geology.) 

4. ,, „ Large caudal shield, White Grit Mine. (Mus. Pract 

Geology.) 
5, 6. ,y „ Thorax-joint and caudal shield. Same locality and 

cabinet. 

7. „ „ Labrum. Same locality. (Mr. Lightbody's cabinet.) 
Figs. 8 — 10. Ogygia pcltata, Salter. From Whitesand Bay, St. David's, Pem- 
brokeshire. 

8. „ „ A figure partly restored, and made too narrow in the 

axis, and the eye wrongly placed. Please to correct 
this by fig. 10. 
9, 10. ,, „ Parts of one fine specimen, pressed by cleavage-action 

into a shorter form than ordinary. (Cabinet of J. 
E. Lee, Esq., Caerleon.) Fig. 9 should show faint 
traces of the intermediate furrows of the tail-ribs ; and 
fig. 10 shows the labrum broken at the tip, so as to 
look like an Asaphus. It is, however, incomplete, 
and must have been pointed, as in Ogygia, 



TREMAUOC ROCKS (UPPERMOST CAMBRIAN). 

Figs. 11 — 13. Ogygia ffcufafriiVy^ \LTER. Fig. 11, the specimen originally found at 

Garth, in Upper Treiiiadoc. Fig. 13, labrum, im- 
perfect, from Portmadoc. (Mus. Pract. Geology.) 
Fig. 12, tail from West of Pcnmorfa, Lower Tre- 
madoc. (Mr. Ash's cabinet.) 



AR E N K; rocks 




PLATE XVIII. 



CARADOC AND LLANDEILO K0CK8. 



Figs. 1 — 5. 

1. 
2. 



3. 



4,5. 



Fig. 6. 



IgS. / 



— 10. 



9. 
10. 

Fig. 1 1 . 



Asaphiis radiatiiSy Salter. 

,, ,, Largest specimen known. Berwyn Monntaiiu. 

(Collection of Mr. Blunt, of Shrewsbmy.) 
,, „ Small but perfect specimen, figured by M'Coy as 

A. laticostatua. Bala, North Wales. (Woodw. 
Mus.) 
„ „ Tail, compressed. Same locality. (Mus. Fract. 

Geology.) 
„ Caudal shields^ shortened by pressure. Caradoc 
Slates of Louth, Ireland. 
Asaphus laticostatusj M'CoY. The only specimen known. LlandeilD 

flags, Maen Goran, Builth. (Woodwardian col- 
lection.) 
Stj/ffina latifronSi Portlock. (Chiefly specimens figured in Decade II 

of Geol. Survey.) Tyrone. 
„ Compressed laterally ; best specimen known. (Mus. 
Pract. Geology.) 
„ „ A little shortened by pressure. (Mr. J. E. Lee's 

cabinet.) 
Epistome and labrum. (Prof. W. Thomson's cabinet) 
Dissepted head, from various specimens. It shows 
there is no rostral shield. 
Sti/pna MurcliisoncB, Muiichison. Head and tail from the only 

locality known. Mount Pleasant, Carmarthen. 
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PLATE XIX. 



LLANDEILO FLAGS. 



Barrandia {proper) Cordai, 



Barrandia {Bomaiqpieon) radians, M'CoT. Id various stages of growth. 
Young, with only four tliorax-ringa 
developed, a, natural size; i, 
magniEed. WellBeld, Builth. 
Somewhat older, with seven thora.x- 

rings. Pcncerrig, Builth. 
Not qtute half grown, the eighth 
thorax-ring partly developed. 
(All the above in the Mua. Pract. 
Geology.) 
Full-grown tail. Gweniyfyd, Builtb. 
(Mr. J. E. Lee's cabinet.) 
M'CoT. The only specimen known. 
Pencerrig, Builth. Once and n 
half natural size. The true length 
is represented by the line beside 
it. 5 (7. A thorax-ring, enlarged. 
(Woodwardian Museum.) 
Barrandia {Uomalopteon) i'ortlockii, Saltkb. 

„ „ „ Large specimen, partly restored. 

6 a. One of tlie thorax-rings ) 
diagram. 
„ „ „ Young specimen. 

„ „ Full-grown caudal portion. 

„ „ „ Labrum, with one side and the tip 

broken off. 
„ Head, showing gkbella-furrows \a^ 
perfectly. The free cheeks arc- 
wanting in all oin- specimens. 

—10 are natural size; tigs. 1, 2 magniiied; fig. 5 enlarged one half. 
Figs. 6 — 10 are from the Mus. Pract. Geology. 




H)VVt;R SILURIAW. ( Llaiidi-ilo Klajs) 




PLATE XX. 



tOWER TREMADOC SLATES AND ABENIO GROUP. 



Figs. 1, 2. 



ARBNIO ROCKS. 



IlloHCfpsia TAomsoni, Salter. From the mine-works at Ritton Castle, 

Shelve, Shropshire. (Mus. Pract. Geology.) 



Figs! 3—12. 

3. 

4. 



6. 



b— 11. 



12. 



Figs. 13—19. 
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LOWER TREMADOC SLATES. 

Nio6e Homfrayi, Salter. Fenmor£Et Church, near Tremadoc. (In 

the cabinet of Mr. David Hom&ay.) 
Nearly full-grown, the free cheeks only wanting. 
Head, showing more or less completely the glabdlar 

furrows. 
Tail, showing the caudal fascia well. (My own 

cabinet.) 
Complete head; the free cheeks obtuse, not 

pointed. (Probably ^.) 
Young specimen {$ form), the general shqie 

and the axis being narrower than usual. 
Outline diagrams from actual specimens, showing 

the true position of the glabella-furrows. 
Broad ( $ ) form, compressed and shortened by 

cleavage. 
Piiilocephalus innotafus, Salter. Specimens of all ages and various 

degrees of compression in the rock. Fig. 16 

is the fry ; but the metamorphosis has not yet 

been properly observed. 



IJFFER CAMBRIAN 



LOWER SILURIAN. 
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PLATE XXI. 



LLANDEILO FLAGS. 



The large and fine spedmen of Aaaphus tyrannus figured in the * Silorian System/ 
pi. xxiv, as a variety, ornatus. 

[We havej as usual in these plates, restored missing portions in a light tint. No 
inconvenience can arise from this practice so long as care is taken to distinguish accu- 
rately between the real and the missing parts. In the present instance one rib too many 
is added to the tail, which never shows more than twelve side-ribs.] 

This is not the largest specimen known. A, tyrannus grows very nearly a foot in 
length. 



'vv !•; i; ;; 1 1. Ill; I AN (i.h.n.ir,!., ri:,...) 



M 


1 






i ■ • ^^^3 


'"^=?5^i?9p-:** 


^^9li 


^^ 




-^•r-iiiiiiiM;!^-,- '^ •; 


i 




, 1 1 ■Mi^-^^ • '^^- a 




-;^.!S^F'J>-- •^^^^' 'V*^!l«'*?<P5 


i^^^^*^!!5*i^<ir^^ 


i 


\^0^^^^ 


|»*^^^a 


--^;^^.^ 


1^^ 


^S 


.,"<■■ s^/ «^.-- f 


^J^.J'^' '*^ 




:^ J 


1 


1 


k. 


1 







I 



PLATE XXII. 



LLANDEILO FLA08. 



Figs. 1—4. Asaphus peltastes, Salter. 

1. ,» ,, Fine young specimen, showing the lateral lobes of 

glabella and long head-spines. (Mus. FnoL 
Geology.) Llandeilo. 

2. „ „ Free cheek and eye. The smooth oomea ia iia- 

moved, and shows the minute lensea, 4000 or 
more in a single eye. (Mus. Fract. Qeohgji) 

3. ,y „ Head of young specimen. Llampeter Felfiqr. 

(Mus. Fract. Geology.) It is a little shorteMd 
by pressure. 

4. ,, „ Tail of nearly full-grown specimen. UandeikK 
Figs. 5 — 12. Jsapkus tyrannus, Murchisox. Old and young. Uandeflo. 

5. „ „ Head of veiy perfect specimen. (In the oahbiat 

of Mrs. Breawell, of Brighton.) 

6. ,, ,, Labrum from Llampeter Felfrey. (Moibl Fkad. 

Geology.) 

7. „ „ Magnified eye-lenses. 

s. „ ,, End of large thorax-ring. (Mus. Fract. Geology.) 

9. ,, „ Fine caudal shield. (Brit. Mus.) The nodfis on 

the sides of the axis are the internal {^inds 
mentioned in p. 52. 
10, 11^ 12. ,, ,, Young caudal shields. The ribs are shorter and 

more numerous than in corresponding spedmens 
of A. peltastea. (Mus. Fract. Geology.) 
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PLATE XXIIL 

LOWER SILURIAN (CARADOC). 

Fig. 1. JsapAus {Bastlicus) Marstoniy Saltsr. Natural size; 1 a, magnified. 

d Is a free cheek of a larger specimen. 
Shales of Horderly. (Mr. H. W. 
Edgell's cabinet.) 
Figs. 2 — 7. JsapAwt {Basilicue) Powisii, Murchison. Chiefly from the Mus. of 

Pract. Geology. Figs. 3, 4, 6, are from 
Mr. H. Wyatt Edgell's cabinet. 

2. „ „ ,, Restored figure, from many specimens. The 

head is not so perfectly known, and is 
only given here in outUne. a Is a fiw 
cheek from Mr. Edgell's cabinet. 

3. „ „ „ Tail of young specimen. (Mr. Griffith's 

cabinet.) 

4. „ „ „ Somewhat older. Horderly. 

5. ,, „ „ Large specimen from Waterloo Bridge, 

Conway. (Mus. Pract. Geology.) 

6. „ ,, „ Labruni, not quite perfect at its base. 

7. „ „ „ Specimen from Dinas Mowddwy, North 

Wales, (Mus. Pract. Geology.) 
Figs. 8, 9. Jsap/ius {Basilicus !^ /iy6ridu8, Salter. From the Caradoc Shales (called 

in the text " Llandeilo flags" ?) Henllan 
Amgocd, near Narberth, Carmarthenshire, 



PLATE XXIV. 



CARADOC ROCKS. 



Figs. 1 — 5. AsapAus {Isotelus) giga^y Dekay. From the Caradoc Rocks of Tyrone. 

(Mus. Pract, Geology.) 

1. „ „ yy Young specimen, showing labrum. (Portlock's 

/. planus^ pi. viii, fig. 1.) 

2. „ „ „ Larger head. (Poitlock's specimen, /. «c/er(>p«i 

pi. X, fig. 2.) 

3. „ „ yy Tail of a large specimen. 

4. „ „ „ Quite young. (/. ooatu», Portlock, pi. viii, 

fig. 5.) 

5. ,, ,y yy Free cheek, showing eye and cast of latem 

tubercle (a). ^ Is a cast in aealing-wi 
of the same outer portion of the che^ 
showing the pit for the reception of ti 
pleurae in rolling up. (Portl., pi. vii, fig. 4. 

UPPER TREMADOC ROCKS. 

Figs. 6 — 12. Asaphus {Isotelus ?) Homfrayiy Salter. (From Mr. D. Homfiray' 

cabinet, and Mus. P. Geology.) 

6. „ „ „ Elongated and compressed specimen. 

7. „ „ „ Young individual. 

8. „ yy yy Labrum and epistome ; the latter less perfe 

9. „ ,, „ Labrum, pressed out of shape. 

10. „ „ „ Tail, shortened by pressure, and showing 

rudimentary rings on axis and sides. 

11. „ y, „ Another specimen, similarly compressed. 

12. „ „ „ Specimen shortened obliquely. 

All the Tremadoc Slate specimens arc from Garth, Portmadoc. 

Figs. 13, 14. Asqphus {IsotelusF) q^nis, M'Coy. Young and older specimen. 

Ash's cabinet.) 



PLATE XXV. 



CARADOC ROCKS. 



Fig. 1. Aaaphus gigaSy Dekay, variety. This is from Portlock's specimen of 

/. intermedins, from his pi. ix, fig. 5. 
Figs. 2, 3. Jsaphm (Crgpfany??tU8) 8cufali8,SiLhTEB.. 

2. „ „ ,, Head (Portl., pi. ix, fig. 4.) Tyrone- 

(Mus. Pract. Geology.) 

3. ,1 „ „ Body-rings and tail (labelled /. intermedius 

by Portlock). (Same collection.) 
Fig. 4. Asapkus, sp. undetermined. From the Caradoc? Rocks of Mount 

Pleasant, Carmarthen. (Mus. Greol. 

Society.) 
Figs. 5 — 1 0. Asaphm [Brachyas^is] rectifrona, Portlock. 

5. „ ,, „ Under surface of the head, showing the 

entire epistome. Portl. I, planus, pi. viii, 
fig. 3. Tyrone. (Mus. Pract. (jeology.) 

6. „ „ „ Side of head. Ditto. Portl., pi. ix, fig. 1 h, 

7. „ „ „ Glabella only. Ditto. lb., fig. 1 a, 

S. „ „ „ Body-rings and tail. Ditto. /. arcuatus, 

Portl., pi. ix, fig. 2. 

J). „ „ „ Fascia of underside of tail. Ditto. lb., 

pi. ix, fig. 2. 
10. „ „ ,, Under margin of cheek, showing the pit 

for the reception of the pleurae. 

All these arc in the Mus. Pract. Geology. 



LOWER SILURIAN. (Cava.loc) 
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THE OPHIUROIDEA. 

The Opbiuroidea were long united with the true Star*fishes, Asteroidea, from the 
circumstance that in both groups the arms proceed from the circumference of the disk ; 
they are now, however, separated into a distinct order, as they possess certain permanent 
oi^anic characters by which they are distinguished from them. 

The Ophiuroidea have a central discoidal body, which is either naked or covered with 
granules, spines, or scales ; in this is contained all the viscerai and from the mouth proceed 
five long very flexible, simple, or ramified arms, sustained by a series of internal vertebra- 
like pieces, covered by a naked integument or having granules, scales, or spines, developed 
from the lateral or inferior parts thereof. The arms of the Ophiuroidea are widely different 
from the rays of true Star-fishes, which are simple prolongations of the body of the animal, 
whereas the arms of the Ophiuroidea are superadded to the body, and there is no excava- 
tion in them for any prolongation of the digestive organs. There are no ambulacra! 
grooves in the floor of the arms, nor any retractile tubular feet, nor pedicellariae, in this 
order. 

The mouth, situated in the centre of the under surface of the disk, opens directly into 
the stomach ; this is a sac with one aperture, the mucous membrane of which is covered 
with vibratile cilia. 

The ovaries are placed near the arms, and open by orifices situated at the basal 
surface of the interbrachial spaces near the mouth. 
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132 OPHIUROIDEA. 

The oral opening is surrounded by five re-entrant angles, which correspond to the 
intervals of the five arms ; from the peristome proceed five buccal fissures, in a line 
with the axis of the arms ; their borders are in general covered with a series of papillae 
or plates, and they terminate in a cone of calcareous pieces which perform the part of a 
jaw. PI. XIII, figs. 1, 3, 4, 5, 6, show various forms of these dental instruments. At 
the extremity of each fissure a series of osselets, occupjring the interior of the arms, take 
their origin ; their under surface is grooved for lodging a vessel, and between their lateral 
expansions spaces are formed to receive the base of the fleshy tentacules near the disk. 



HISTORY. 

The older naturalists united the Ophiurid^ to the Asteriad^. Linck^ first described 
certain species under the common name Stella marinay and designated two species, 
8. lacertosa, and 8. longicauda^ to express the resemblance their arms had to the tail of a 
lizard ; another species, provided with long spines proceeding from the lateral parts of the 
arms, he called Rosula scolopendroides^ from the resemblance of the rays to the body of 
a Scolopendra. The Ophiuroidea with ramified arms, as the AsierqpAydia, were distin- 
guished by Linck firom the simple-rayed forms under the name Astrophytan. Seba' 
figured many Ophiurse among the Star-fishes. Pennant' in his ' British Zoology/ and 
0. F. Miiller^ in his 'Zoologia Danica,' have described many in the genus Asterias; and 
it is under this generic name that all the species of OphiuricUe and Asterophydim known 
to Linne^ were described, in the thirteenth edition of the * Systema Naturae,* by Gmelin. 
Lamarck,^ in his * Systfeme des Animaux sans Vertebres,* 1801, and in his larger work on 
the same subject, 1816, established the genera Ophiura and Euryale, taking Asterias 
ophiura, Miill., as the type of the first, and Astrophyton scutatum, Linck, for that of the 
other. These generic distinctions, first made by Lamarck, were preserved by Delle Chiaje,^ 
Risso,® and De Blainville ;• it was not until Professor Agassiz's ^ Prodrome'^^ appeared 
that new generic * subdivisions of the order were proposed ; in this essay the Ophiurida 
were thus defined and classified. 

The OpHiURiDiE differ from the Asteriadae in this, that the central part of the body 

^ Linck, ' De Stellis MariniB,' foL, 42 plates. Lypsice, 1733. 

* Seba, * Locupletissimi Rerum Naturalium, &c.,* 3 vols, folio, pi. x — xv, 1734. 

' Penuant, 'British Zoology,* vol. iv, p. 60, 1776, 

4 0. F. Miiller, *Zoologia Danica,' 2 vols, folio. Lips., 1779—1784. 

^ Linn^, * Systema Naturee,' ed. 13, par Gmelin. 1789. 

^ Lamarck, ' Syst^me des Animaux sans Yert^bris,' 1 vol. 8vo. Paris, 1801. 

7 Delle Chiaje, ' Memorie suUa storia e notomia,' &c. Napoli, 1825. 

^ Risso, * Hist. Naturelle de TEurope Merid.,' 5 vols. Paris, 1826. 

^ De Blainville, 'Manuel d'ActinoIogie,* 1 vol. 8vo, plates. Paris, 1834. 

^0 Agassiz, 'Mem. Soc. So. Nat. Neuchatel,' vol. i, p. 168. Neuchatel, 1835. 
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forms a disk, distinct and flat, to which are annexed the rays, more or less elongated, 
simple, or ramified, and without grooves at their mider surface. 

1. Ophiura, Lam.j Ag. — (Sect. A, De Blainville). — Disk much depressed; rays simple, 
squamous ; spines very short, embracing the lateral plate. 

Types. — OpAiura tewturata^ La;m., 0. lacertosa, Lam. 

2. Ophiocoma, Ag., = OpAiura, De Blainville (Sect B). — ^This genus differs from the 
preceding by the long moveable spines which arm the rays. PI. XIII, fig. 4. 

3. Ophiukblla, Ag. — ^Disk indistinct. All the species are fossil. 

0, carinata, Ag. {OpAiura carinata, Miinst.), OpAiura JS^ertoni, Ag. {OpAiura Hffertoni, 
Brod.), PI. XVII, fig. 4. 

4. AcROURA, Ag. — This genus approaches much to the Ophiura properly so called, 
but it differs in this, that the small scales placed on the sides of the rays replace the 
spines. The rays themselves are very slender. One species fossil. 

J.prisca, Ag. {OpAiura priaca, Miinst.) PI. XIV, fig. 5. 

5. AspiDURA, Ag. — ^A star of ten plates covers the superior surface of the disk, whilst 
the rays, large in proportion, are surrounded with imbricated scales. One species fossil. 

A. loricata, Ag. {OpAiura loricata, Goldf.) PL XIV, fig. 6. 

6. Tricastsr, Ag. ; EuRTALE, Auct. — ^Rays bifurcate at their extremity. 
T. palmi/er, Ag. {JEury ale palmifera J Lsjnk.) 

7. EuRTALK, Lamk. ; Astrophtton, Linck ; Goroonockphalus, Leach. ; — ^Disk 
pentagonal ; rays branched from the base. 

£. verrucosa, Lara., H, costata, Lam., H. muricata, Lara. 

MuUer and Troschel,^ in 1 840, published their first memoir on the classification of the 
Asteriadse, in which they grouped the living Ophiurse into five genera: — 1, OpAio- 
lepis; 2, OpAiocoma; 3, OpAiotArix; 4, OpAioderma; and 6, OpAionyx; comprising 
twenty-nine species. The same year they added three new genera : — 6, OpAiopolis; 7, 
OpAiomyxa; 8, OpAiocnemia. In 1842 the * System der Asteriden, by the same authors, 
appeared, in which three new genera — 9, OpAiaracAna; 10, OpAiacantAa; and 11, 
OpAiamastiXy were added. The EuRTALiDiB comprised three genen-^Jsieronyx, TricAaster, 
and AstropAyton, making in all fourteen genera, and comprising eighty-three species of 
living Ophiurgidea, besides fourteen extinct species distributed in seven genera. 

In 1841 Professor Edward Forbes, in his ' History of British Star-fishes,' described 
thirteen species of OpHiURiDiE as Spiniorade Echinodermata, which he distributed 
in the genera OpAiura, OpAiocoma, AstropAyton, and in 1843,' in a memoir com- 
municated to the Linnean Society, he proposed several new genera — 1st, Pectinura 
which nearly corresponds to the genus OpAiaracAna; 2, AmpAiura, which resembles 
OpAiolepis; and 3, OpAiopaUa, which comes near OpAiotArix. He retained the name 

1 * Archiv fQr Naturgcschichte,' p. 326. 

2 Edward Forbes, ' History of British Star-fishes.' Van Yorst, 1841. 
^ 'Transactions of the Linnean Society,' London, vol. zix, p. 144. 
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Ophiura to some of the species placed by Muller and Troschel in their geaus 
Ophiolepia. 

Many new species have been dtscoY^Eed and described by Sars, Lutkin, Grobe, and 
Philipij and a few new genera to include the same ha^e been proposed by them as 
OpMcfplus, Sars, which also includes Jmpiiura, Forbes, Ofpkiocfen, and Ophiuctis, Lutkin, 
besides OpkiophoUs and €fpAtopeza, Peters. 

The fossil species UAong to existing genera, as OpAioderma, (^hiolyns, An^Aimra, 
Ophiocoma ; and to ^tmct genera, as OphiureUa, Jcroum, Jqndura, Geodma, Fei^ocoma, 
Aploctma, and Protaster. (See Plate XIV.) 



On the Skeleton and tegumentary Framework of the Ophiuroidea. 

The framework of the Ophiurida tK)nsists of a calcareous or internal, and a tegu- 
mentary or external, skeleton. The former is composed of a number of calcareous ossdets 
of the uniformly reticulate structure common to all the Echinodermata. These pieces are 
variously arranged in the different* genera. The disk, in this order, forms the entire 
visceral cavity, no prolongation of the same extending into the arms, as in the A^teriada; 
on the under surface of the disk five pairs of bones occupy the interbrachial spaces, and 
form a series of arches that afford attachment to the delicate ossdets constituting the 
skeleton of the upper surface; they are likewise covered with large {^tes carrying 
conical-pointed processes, with short spines, which project inwards towards tiie mouth, 
and perform the part of jaws and teeth. Several forms of these dental organs are seen 
in PL Xm, figs. 1, 4, 5, 6. 

From the interbrachial spaces five long arms proceed ; these organs are Supported 
on a series of osselets resembling the bodies of caudal vertebrae in the tails tjH lizards ; the 
scaly character of the tegumentary membrane covering the same increases the resemblance 
between the ray of Ophiura tewturata, Lamk., and a lizard's taO. The brachial osselets 
have on their anterior and posterior surfaces transverse processes or kinds of articular 
condyles directed in opposite directions, the one vertical, the other horizontal; two of these 
transverse condyles always cross each other, so that the lateral flexion of the arms is in 
nowise impeded ; these pieces carry likewise discoidal expansions more or less flexed, 
which form spaces to receive the base of the fleshy tentacles near the disk. 

To the internal skeleton likewise appertain the elongated processes found in the visceral 
cavity at the base of the arms in relation to the reproductive organs, and the many 
small osselets arranged on the border of each of the five fissures leading from the mouth- 
opening to the centre of the base of the arms (PI. XIII, figs. 4, 5, 6). Belonging to 
the same class are the many small pieces piled upon each other at the extremity of the 
interbrachial bones, and forming the five projecting cones or jaws surrounding the mouth, 
and which perform the oflSoe of teeth (PL XIII, fig. 6). 
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Tke tegnmcntaiT w extemsl skeleton exiiibHs many interesting modifications in the 
Opk%wrid€B. It conftists of delicate calcareous plates or scales developed on the disk and 
arms/ the various forms of which and their mode of airangement afford good characters 
for generic subdivisionsi and constitute the basis of the classification of this natural 
Order. 

In the clothing of the disk we find the character of the tegumentary skeleton, 
exhibiting many modifications ^ for oxample, in Ophioderma the surface is covered with 
nmneronB granules, and the sides of the arms are furnished with delicate papillae or 
fine regular spines ; the body is smooth, and the arms reseoible the body of a small 
make (PL XIII, fig. 1). 

In OfpAiolepis (PL XIII, fig. 2) the upper sorfaoe of the disk is covered with naked 
scales, having some resemblance in their arrangement to those found on the bodies of 
liBuxb. In Opiiura iexktrata^ Lamk., the orbicular disk is covered above with a number 
of small uneqiid'^azed plates, arranged in an imbricated manner, without intermediate 
analler pieces. Q3i0 five pairs oi lai^e heart-shaped radial plates are placed close together, 
the mesial suture of each pair being overlapped by a central imbricated series, which 
occupy a position above tbe insertion of the arms. A circle of imbricated scales fills 
the cenbre of the ^k» and from its ciicmnference a column of round and imbricated 
aedes extends through the centre of the interbrachial spaces to the border, the inter- 
mediate area being compactly filled with small elliptical-shaped scales, closely pressed 
together, as in Ophiolepis cUiata (PI. XIIIi fig. 3). 

Ophiocema has the disk more or less uniformly granular in the different species, and 
even the imdial plat^ (PL XIII, fig. 4) are covered with minute granulations. The 
buccal fissures are entirely bordered with hard papillsj as in Ophiocoma dentata 
(PL XIII, fig. 4), where they form only one range between the teeth and buccal papillae ; in 
other species they present many varieties of structure. The lateral spines of the arms 
are smootii and very much devek^)ed. 

Ophiarachna has the disk ^ttnular throughout, except on the ovarial plates, which are 
naked (PL XIII, fig. 5). The buccal plates are divided transvea^ly into a small external 
piece, and into a laiger internal piece. The buccal fissures are provided with dental 
papillee, and the arms with delicate, conicd, unequal spines^ which lie close upon the 
lateral plates (fig. 6). 

Opkiomastiw has the disk covered with small imbricated scales, and it likewise 
supports isolated cylindrical spines. The buccal plates are simple, and the buccal fissures 
provided vnth hard papillae, which are grouped above the dentary pile, as in Op/no- 
nuuiHw (mnuh9a(S\. XIII, fig. 6). The arms are very spinous^ and the lateral plates above 
the rows of spines support a series of claviform pieces with denticulated extremities. 

Cfpkiomywa has the disk pentagonal, soft, flat, and without granules, and a few 
obscure scales are observed in the naked integument of Ophiomyxa penta^ona (PL XIII, 
fig. 7). The buccal plates are nearly round, being a little longer than they are wide. 
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Ophiothriw has the orbicular or pentagonal disk covered with very fine spines, more 
or less developed ; sometimes they are so delicate that the clothing has quite a villous 
character ; the radial plates are divergent and naked, or partially covered near their base 
ynih the general clothing of the disk. Ophiothrix Bammeisberffii (PI. XIIIi fig. 8) belongs 
to the group in which the disk is provided with small short cylinders ; the sides form a 
prominence between the arms ; the radial plates are divergent and naked, except near 
the base, where they are provided with small granulations. 

Protaster, an extinct genus, has the circular disk covered with squamiform plates ; 
the genital openings are in the angles of junction of the rays beneath, and the arms are 
formed of alternating ossicula. Plate XIV, fig. 9, exhibits these characters as shown in 
Protaster Setfymckit, from the Ludlow rocks of the Upper Silurian series. 

Amphiura has an orbicular disk, having its upper surface covered with small smooth 
scales, the six central plates forming a rosette. The arms, simple and scaly, arise firom 
the centre of the disk, and are provided with lateral subcarinated plates carrying simple 
lanceolate spines. In Amphiura tenera (Plate XIV, fig. 10, a, b) the disc is small and 
not lobed, the short delicate arms are surrounded with tri-radiate spines; the radial 
plates are small, the ventral plates pentagonal, and both are naked. 

Aapidura^ an extinct form firom the Muschelkalk of Grermany (PI. XIV, fig. 6, a, i) 
has the upper surface of the body covered with fifteen plates ^ ten of these form the outer 
and five the inner circle of the small disk ; the arms are furnished with four rows of 
plates of unequal sizes. 

In most genera the upper surface of the disk supports at the base of the anna two 
large calcareous pieces called radial plates, which are sometimes placed close together, aa in 
Ophiura texturata^ or apart, as in Ophiolepis annulosa (PI. XIII, fig. 2). They are either 
entirely naked, as in Ophiolepis and Ophiarachna, or partly clothed with the general 
covering of the disk, as in Ophiothriw. The radial plates are well preserved in situ 
in many fossil species, as Ophiodenna Milleri and 0. Gaveyi (PI. XVI and XVII). ' 

On the under surface of the disk are five interbrachial spaces between the arms 
(Plate XIII, figs. 1, 3, 4, 5, 6). In each of these are large smooth pieces, caUed buccal plates 
(Mundschilde, scuta buccalia) of authors. They have difierent forms in difierent genera ; in 
general, they are single, as in Ophiolepis (PL XIII, fig. 3), and sometimes they consist of 
an inner larger and an outer smaller portion, as in Ophiarachna (PI. XIII, fig. 5). In one 
of these five buccal plates is found, when present, the umbo, a small depression in the 
middle of the plate, the homologue, perhaps, of the madreporiform body of Asteroidea. 

Each interbrachial space terminates in a triangular-shaped body, and the five form 
a star-shaped opening, having the oral aperture for its centre and the buccal fissures for 
its rays. The terminal process is a narrow cone which rises high up within the mouth, 
and forms a jaw (maxilla), armed with numerous calcareous pieces piled upon each other, 
which perform the part of teeth. Plate XIII, fig. 1, shows the form of the maxillae in 
Ophioderma longicauda ; fig. 3, in Ophiolepis ciliata ; fig. 4, in Ophiocoma dentata; fig, 5, 
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in Ophiarachna septemaptnosa. The lateral parts of the triangular body fonning the boun- 
dary of the oral fissures (fissurse buccales) are armed with plates, papillae, or spines of 
various forms in the different genera ; an inspection of the figures already cited will 
afford a better idea of the structure and disposition of these parts than any description, 
however detailed. The border of the fissures is either naked, as in Ophiothrix and 
Ophionyx, or provided with hard plates or papilke (papilke buccales) arranged in a single 
row, as in all other genera (see PI. XIII, figs. 1, 3, 4, 5, 6, 7). 

The masticating surface of the maxillae in all the OpAiurida carries teeth or papillae. 
The teeth occupy the entire breadth of the jaw, and form a perpendicular series of dental 
processes which extend upwards from the peristome into the interior of the disk. In 
the genera Ophioderma (PI. XIII, fig. 1), Ophiolepis (fig. 3), Ophiomyxa (fig. 7), the teeth 
reach to the mouth-papillae ; but in other genera they are limited to the superior part of 
the maxillae, the lower portion being furnished with papillae, as in Ophiocoma (fig. 4) 
and Ophiarachna (fig. 5). The teeth consist of calcareous osselets in general, having 
a smooth border ; seldom is the surface serrated as in Ophiomyxa pentagona (fig. 7). 

Upon each of the interbrachial spaces, on the under surface of the disk, are found 
either two or four genital ppenings (fissurae genitales) ; when there are only two, they form 
long slits, which lie close to the arms. In Ophiura texturaia the inner extremity of the 
slit touches the buccal plate, and the outer reaches the circumference of the disk, the internal 
border of the fissure is finely pectinated with small spines, which fringe the aperture. 
In the genera with four openings, as Ophioderma (PL XIII, fig. 1), they are disposed in 
two behind each other, in the same radial line, or they lie close together, side by side, 
as in Ophiocnemis, 

The arms, whether simple, as in Ophiurida, or ramified, as in Asterophydia, 
consist of a great number of jointed osselets, which have been already described; 
they are clothed externally by a series of plates arranged in an imbricated manner 
throughout the entire ray, and disposed into dorsal, ventral, and two lateral rows. 
The dorsal and ventral plates resemble each other in form and covering, and the 
lateral plates support the spines which arm the rays of most Ophiurida. The spines 
are longer or shorter in different genera; they are sometimes stout, or slender, with 
the surface covered by fine lateral processes, as in Ophiothrix (fig. 8) ; sometimes they 
tre small, short, and closely applied to the arm, as in Ophioderma (fig. 1 ) ; or they 
ai6 large, strong, and projecting crosswise, as in Ophiocoma (fig. 4), and with additional 
claviform processes superadded, as in Ophiomastix (fig. 6). The character of the spines 
varies in each genus, and forms a valuable aid in the determination of species. They 
are moved in general by the contraction of the tegumentary membrane which unites 
them to the lateral plates. 



188 



CLASSIFICATION. 



Clas^xiioation of the OPHIUaOU>BA. 

The Ophiuroidea are all provided with five arms ; in the greatest number they are 
simple, but in a few they are branched; this character enables us to form a binary 
division of the order into two families, the OPHiURiDiB and the AsTSBOPHTDiiB. From 
the number and position of the genital fissures in the interbrachial spaces, we obtain a 
character for the division of the families into tribes. The structure of the disk, the 
presence or absence of scales, plates^ or other clothing on the same, the structure and 
development of the rays and the spines which arm its lateral plates, the structure of the 
mouth and oral fissures with their armature, the development of the maxillae and their 
dontary plates, afibrd collectively good generic characters. 



OPHIUROIDEA. 



Chabacters. 

A. Two or four genital fissures. 

a. Arms, five, always simple. 

B. Ten genital fissures. 

b. Arms, five, simple or ramified. 



} 
} 



Famiues. 

OPHIURIDiE. 



AsTEBOPHTDIiK. 



Ist. Family OpHiURiDif:. 



Four genital fissures in each interbrachial space. 



Two genital fissures in each interbrachial space. 
A. Disk covered with hard plates. 



{ 



Genera. 
Ophioderma. 
Ophiocnemis, 

OpkiolepU, 

Opkiopesa. 

OphionertU, 

Ophiura. 

Ophiocten. 

Amphiura, 

OphiaetU, 

Ophio9tigma. 

Pectinura. 

Ophioeoma, 

Ophiarachna, 

OphiaeanctKa. 

Ophumuutix, 

Acroura, 

Atpidura, 

Aploeama. 
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Two genital fiBSures in etch interbrachial space. 
B. Disk membranous and naked. 



Ophiomyxa, 

Ophioblenna. 

Ophioseolex, 

Ophiopnla. 

Ophiotkrix. 

Ophiurella. 

Protaster. 



2nd. Family Asteropbtdijs. 



Charactebs. 



▲. Anns simple. 



B. Arms ramified and divided. 



{ 



Aiteronyx, 

Asterochema. 

Asieroporpa. 

Trichasier, 
Asterophyton, 



19 
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DESCRIPTION OF THE FOSSIL SPECIES. 

Genua Ophioderma, MiUler and Ih>sc/iel, 1842. 

The disk covered with small, close-set granulations ; arms long, smooth, and slender ; 
the lateral borders provided with short papillae or spines closely applied to the lateral 
plates. Four genital slits in each interbrachial space, disposed in pairs behind each 
other ; two are situated behind the buccal plates, f5pom whence they diverge outwards, and 
two are placed near the border of the disk. The slits always lie behind each other in the 
same radial line. The buccal fissures are furnished with small strong papillae. PL XIII, 
fig. 1, is the disk and rays of Ojihioderma longicauda, Linck, which exhibit very satis- 
factorily the organic characters of this group. 

The genus Ophiodemia was established by Miiller and Troschel for certain species 
of Ophiura which had for their type the Stella lufndricalis lonfficauda^ Linck, tab. xi. 
No. 17 = Ophiura lacertoBa, Lamarck. 

The Ophiodermas are remarkable for possessing a very smooth body and arms, 
the granulations and spines are so fine and regular that the rays resemble the skin of 
an Ophidian reptile, hence the specific name given by Lamarck to Linck's type. Of the 
fourteen living species, one is found in the Mediterranean and the others in the warmer 
seas of the globe. The fossil species have, at the present time, been found only in the 
Lias formation. 

Ophioderma Milleri, Phillips, sp. PI. XVI, figs. 2, 3, a, b, 4. 

AsTEEiJLs SPHJEEULATA, Youtiff and Bird. Geological Survey of the Yorkshire Coaat, 

pi. V, fig. 6, 1822. 
Ophiura Milleri, Phillips. Geol. of Yorkshire, pi. xiii, fig. 20, p. 169, 1829. 

— Milleri, Charlesworth, London Geological Journal, pi. yiii, 1847- 
Ophiurella Milleri, Agassiz. Mem. Sc. Nat. Neuchatel, p. 192, 1836. 
Ophioderma Milleri, Wright. Ann. and Mag. of Nat. Hist., 2nd series, vol. xiii, 1854. 

— Milleri, Forbes, Morris, Cat. British Fossils, 2nd ed., p. 84, 1854. 

— Milleri, Wright, Brit. Association Report for 1856, p. 402, 1857. 
Pal^ocoma Milleri, d'Orbigny, Prodrome de Paleontologie, tome i, p. 240, 1850. 

— Milleri, Oppel, Der Juraformation, p. 190, 1856. 

— Milleri, Bvjardin et Hupe, Hist. Nat. des Zoophytes Schioodermes, 

p. 294, 1862. 

Disk flat, circular, with ten radial plates, nearly equidistant around the margin ; a 
short series of transverse plates extending between each pair towards the centre of the 
disk ; arms long, round, smooth, tapering from the base to the apex ; spines very small, 
and closely applied to the lateral plates. 
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Dimensions. — Disk, ojie inch and three tenths in diameter; anns, four and a half 
inches in length. 

Description. — ^A very imperfect figure of this Ophiura, under the name Asferias 
spiartilata, was first given by Young and Bird in their 'Geological Survey of the 
Yorkshire Coast/ Professor John Phillips etched a good outline of it in his * Geology 
of Yorkshire/ and named it in that work, without, however, giving any description 
thereof. Mr. Charlesworth, in the 'London Geological Journal/ 1847, published a 
beautiful drawing of the fine specimen contained in the museum of the Yorkshire 
Philosophical Society, and this fossil the council of that institution kindly communicated 
to me for PL XVI, fig. 4, of this work. Although this Ophiura is not uncommon in 
collections of Yorkshire fossils, still it is rare to find good specimens in which the details 
of its structure are well preserved. 

The disk is flat, circular, or subpentagonal ; the radial plates, forming pairs, are placed 
80 far apart that the ten plates are nearly equidistant fi:om each other (PL XVI, fig. 4). 
In this specimen the other parts of the disk are not preserved ; in another the body is 
partly entire (fig. 3, a), and shows a series of small transverse plates extending between 
each pair of radial plates towards the centre of the disk. The arms are long, smooth, and 
nearly cylindrical ; they are three and a half times as long as the diameter of the disk, 
and taper gently from the base to the apex ; their upper or dorsal surface is covered 
with transverse plates, nearly four times as wide as they are deep (fig. 4) ; the ventral 
plates are deeper in proportion to their width, as shown in specimen (fig. 2) ; the lateral 
plates are large and imbricated, as seen in a ray from Dr. Bowerbank's specimen 
(fig. 3, d), magnified two and a half diameters. In this fossil the free outer margin of 
the plates is slightly pectinated, and so fine are the spines that they are only visible 
when magnified several diameters. In a specimen now before me, showing the base, 
I find the buccal plates are each composed of four pieces ; one central element, which 
is the largest, is situated nearest the mouth, it has a square form rounded at the oral 
edge ; two lateral pieces are placed on each side of the central element, and one triangular 
plate at the outer part of the centrum, having its base applied to the central plate, 
and its apex directed outwards towards the interbuccal spaces. The under surface 
of the disk, seen between this triangular portion of the buccal plates and the border, 
is clothed with small close-set imbricated scales. The buccal fissures are very narrow, 
but their structure is not, for anatomical description, sufficiently exposed. 

Affinities and Differences, — In its general characters this species resembles Ophioderma 
Gaveyi, Wr. The disk, however, is proportionately smaller, and the rays are stronger 
and rounder ; the dorsal and ventral plates of the arms are likewise longer transversely, 
and shorter ; the lateral plates are less developed than the homologous parts in Qp/iio^ 
derfna Gaveyi. 
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Section of the Marlstone at BockcUff^ near Staithes. (See p. 143.) 



No. 



2 
3 



8 
9 

10 
11 



12 



13 



LiTHOLOGT. 



Jet Rock. 
Lower part of the Upper Lias. 

Marlstone Beds. 

Total thickness of the series . . . 
subdivided into— 

Main Ironstone Bands. 

Connected blocks of hard ironstone, a foot 
and upwards in thickness, with thin 
seams of intervening shale. 

Sandy shale. 

Iron dogger. 



Sandy shale. 

Iron dogger. 

Sandy shale. 

Iron dogger. 

Sandy shale. 

Iron dogger. 

Shaley sandstone. 

Alternations of • calcareous sandstone and 
sandy shale, generally one sandstone 
bed alternating with a similar bed; 
the seams covered with fossils. 



Thick- 

NESS. 



Shaley marlstone. 

Shaley sandstone, gradually partaking of 
the nature of Lower Lias shale. 



Lower Lias Shale. 
Thickness above the level of the sea . 



Feet. 



50 



160 



25 



10 



15 



18 



10 
40 



20 



150 



Organic Remains. 



Saurians, FtfA, Cephalopoda. 



Terebratula trilineataj T. and B. = T. 
punctata, Sow. ; very abundant. 



Ammonitea Clevelandieui, Y. and B. = A, 
margaritatua^ Montf. 



Am, margaritatua = A. vittatus, T. and B. 

BelemnitespaxilloauSy^ehloih.fPholadomifa 
obliquata, Phil., Modiola acalprum^ Sow., 
Lima Hermanni, Voltz., Ophioderma 
Milleri, Phil., Ophioderma carinata, Wr., 
Ammonites capricomua, Sch. = A. maeu' 
latua, Y., Avicula imequivalvia. Sow., 
Pecten aquivalviSy Sow. 

Ammonites maculatus, Cardium proximum, 
Hunt. 

Avicula cygnipes, Phil., Cardium trunca- 
tum,Vhi\.,Rhynchonella tetrahedra. Sow., 
R. acuta. Sow. 
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Locality and Stratiffraphical Position. — OpModerma Milleri, Phil., is found in the 
same stratigraphical horizon in Yorkshire as Ophioderma Gaveyi occupies in the Middle 
Lias of Gloucestershire, The presence of Ammonites cqpricorntcs, Schloth. {Jm. mactdatus. 
Young and Bird), and Avicula inaquivalvisy Sow., in the rock containing the large 
specimen belonging to the museum of the Yorkshire Philosophical Society (PL XVI, 
fig. 4), determines the zone of life to which this Ophiura belongs. It is found in bands 
of shelly calcareous sandstone belonging to the main Ironstone series or lower portion 
of the Marlstone beds at Staithes, near Whitby, on the Yorkshire coast, with Cardium 
truncatum^ Phil., Avicula inaquivalvis. Sow., Modiola scalprum, Sow., Lima Ilermanni, 
Voltz, and Pholadomya amhigua^ Sow. (See p. 142.) 

The foregoing section, by Mr. L. Hunton,^ of the Marlstone at RockcliflF, near Whitby, 
Easington Heights, Mudges Survey, clearly defines the position of the Ophiura-beds in 
Yorkshire. 

History, — ^This Sea-star was fij^t rudely drawn by Young and Bird, 1822, in their 
* Geological Survey of the Yorkshire Coast.' 1829, Professor John Phillips named the 
species^ and gave a good figure of it in his 'Geology of Yorkshire,* but did not 
describe it. 1836, M. Agassiz, in his 'Prodrome d'une Monographic des Radiares 
ou Echinodermes,' p. 193, proposed for this and other fossil species the genus OpAiu- 
reUa^ without defining the characters on which it was based. 1850, M. A. d'Orbigny,in 
his * Prodrome de Paleontologie,' t. i, p. 240, proposed the genus Palaocoma, giving 
P. MiUeri as the type of the same ; this genus he thus described : — " Ophiures a quatre 
rangees de pieces aux bras, sans petites pieces intermediares." 1852, in my ' Con- 
tributions to the PalaBontology of Gloucestershire,' p. 42, I referred this species to 
Midler and Troschel's genus Ophioderma, associating it with other congeneric forms from 
the Middle Lias, as 0. Qaveyi, 0. Egertoniy 0. tenuibrachiata. In 1854, Professor E. 
Forbes, in his additions to Morris's Catalogue of British Fossils, and 1857, M. Pictet, in 
his * Traite de Pal^ontologie,* t. iv, p. 274, referred this species to the genus Ophioderma. 
1862, Dujardin and Hupe, in their 'Histoire natureUe des Echinodennes,' adopted the 
genus Pakeoconuiy and recorded the species as Palaocoma Milleri. 

Ophiodebma Egertoni, Broderip, sp. PI. XV, fig. 4, a, h ; fig. 5. 

Ophiuba Eoebtoni, Broderip. Trans. Geol. Soc, 2 serieB, vol. ▼, pi. xii, fig«. 

5, 6, 6*, 1835. 
— — Forbes. Proceed. Geol. Soc, toI. iv, p. 233, fig. 4, 1843. 

Ophioderma Eoebtoni, Forbes. Morris, Cat. Brit. Fossils, 2nd ed., p. 84, 1854. 

— — OppeL Die Juraformation, p. 267, 1856. 

— — fFright. Brit. Association Report for 1856, p. 403, 1857. 

— — Pictet. Traits de Paleontologie, tome iv, p. 274, 1857. 

— — Dujardin et HupS, Hist. Nat. des fechinod., p. 234, 1862. 



1 * Trans, of the Geol. Soc. London,' p. 215, vol. v, second series, 1836. 



144 LIASSIC OPHIURID^. 

Disk round, small, flat, subpentagonal, almost circular ; arms long, smooth, cylin- 
drical, tapering to a filiform termination ; vertebral pieces trilobed above. 

Dimeimons. — ^Disk, half an inch in diameter ; arms, three inches in length. 

Description, — ^This is the most common of our fossil Ophiuridse, and many fine speci- 
mens are obtained from the surface of the large blocks of micace9us sandstone which have 
Men from the Star-fish beds of the Middle Lias at Down CliflFs, between Charmouth and 
Bridport Harbour, on the coast of Dorset. This species resembles Ophiura tewturaia, 
Lamk., of our present seas, but difiers in several important characters from that form. 

Some weathered specimens exhibit the structure of the rays in a most beautiful 
manner ; others are so closely invested with the matrix, or covered with a ferruginous 
crust, that it is impossible to make out their organic details. 

The disk is round, and slightly flattened at the interbrachial spaces; its dorsal 
surface is flat and smooth ; the radial .plates are large, the pairs closely united by a 
median suture, and to the adjoining plates by lateral sutures, so that the upper surface 
of the body appears to be formed entirely by them. The ventral surface exhibits a buccal 
opening with five rays (fig. 4, b) ; from the base of each arm two long narrow osselets 
project inwards towards the mouth (fig. 4, 6). The arms, six times as long as the 
diameter of the disk, are slender, cylindrical, and taper gradually to the apex ; they 
have on their dorsal surface a series of transverse scales, which, at the base of the arms, 
are nearly as broad as they are long, in the middle twice as long as they are broad, 
and proportionately more so towards the extremity ; the lateral scales closely embrace the 
arm, and the spines, if present at all, must have been very short, as I have failed to 
observe any traces of lateral spines in several well-preserved specimens. The basal scales 
are nearly the counterpart of the dorsals as to form and structure. (PI. XV, fig. 5.) 

Affinities and Differences, — This species in its general form must have approached 
very near Ophiura texturata ; it differed, however, in the size of the radial plates and 
structure of the disk. It closely resembles Ophioderma tenuibrachiata from the same 
bed, " but in this species the rays are much longer in proportion, and less tapering ; 
they have a more flexible aspect than those of 0, Egertoni, and present in their section 
a different form of the central ossicula ; for these, instead of being trilobate, are oblong, 
with a triangular central anterior lobe/' — Forbes, ' Proc. Geo, Soc.,' vol. iv. 

Ophioderma Egertoni differs from 0. Gaveyi in having a smaller disk, with much more 
slender arms, and still more from 0. Milleri, which is proportionately more robust than 
0. Gaveyi, 
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Section of the Middle and JJpper Has at Down Cliffs, near Bridport Harbour, Dorset. 
(See p. 146.) 





No. 


LlTHOlOOI. 


Thick 

NESS. 


OaoAMio Bemains. 




Drifted grevel beds. 


Feet. 






1 


Brown unds, lometimea micaceoaa. 


MO 








with incoDsUnt l»yert of large sand- 




Zeit., A. variabilit, d'Orb., mutilut 


Ij 




Btone nodules ; the fosaili are in the 






t 




uppermoit Cephalopoda- bed. 




ten baTbatu»,%oii.yRhynekoneUacjfno- 


a 








eephala. Rich. 


•f ' 


2 


Dnrk-greyiab cliy and sandy marl. 


70 




J 


3 


Brownish marly limestone ; many of the 


2 


Ammonitei terptnltnua. Rein., J. bi- 


i 




Mocka on the ahore are itrj full of 




/ront, Brug., J. Itaqumianu$, d'Orb., 


a 




fosaila. 




J.communU, Sow., Rhynchonella Bow- 


O 








ehardii,DB,Y.,Lepf<enaliauina,li{i\ich. 


■ 


4 


Dark-greyiah sandy marl and clay. 


15 


Ammonite* margaritatua, Mont. 




5 


lodnrated aand, forming la^ undatone 
blocks. 


8 






6 


Light-brown aanda, more or leaa inda- 


GO 






7 


Bke marl, forming a well-defined band 
in the section. 


6—8 






8 


Greyiab. aandy, laminated marl% with 
many foasila. 


1 


Am. marffaritatua, Mont., Am.fimbria- 
tut, Sow., Peeten aquivahit. Sow., 


s 








Terebralula eomula. Sow. 




9 


Foiy coloured, marly sanda, with 12.1(i 


40 




i 












tiers in the bed. 






1 


10 


Thin inconstant band of Crinoidal lime- 


1 in. 


Pentaerinus Johnttonii, Aust. 


"S 




stone. 






g 


11 


Orey, aandy day, passing into irregular 


36 


Peettn tequiealmt. Sow., Gryphaa Mae- 


a 








evUoehii, Sow., fragments of Penla- 
erinut. 




12 


The Star-fiah bed, hard, grey, micaceous 
aandstone, falling in Iai;ge blocks. 
On the under side of some the Ophi- 
nne are exposed. 


4—6 


Am. margarittttui, Mont., A.fmbriatut, 
O^Aioderma tenuibraeiiata, Forbes. 




13 


Grey micaceona marla ; in the apper part 
are aeveral rows of foasiliferoua no- 
dules. 

Baae of the clifis. 


907 


d'Orb., Belemnitet elmaliu, Blain., 
Ptewotmaria, Ckemnitsia, &c. &c. 
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Ophiodbbma tenuibbachiata, Forbes. PI. XVIII, fig. 5, a, 6, c. 

Ophioderma tenuibbachiata, Forbei. Proc. Geol. Soc., ?oI. iy, p. 233, fig. 5. Read 

Nov., 1843. 

— — Charletworth. Lond. Geol. Journ., pi. zix, fig. 1, 1847. 

— — MorrtM, Catalogue of BritiBh Fossils, p. 84, 1854. 

— — Pictet, Paleontologie, torn, iv, p. 274, 1857. 

— — JFriffht. Brit.A8SociationReportforl856,p. 403, 1857. 
-^ — Dujardin et Hup6, Hist. Nat. des Schinod., p. 234, 

1862. 

Disk small, flat, subpentagonal ; arms long, delicate, and tapering little. 

Dimensions. — ^Disk, four tenths of an inch in diameter ; arms, two inches and seven 
tenths in length. 

Description, — ^The body of this species is smaller than that of Ophioderma E^ertoni, 
and the rays in proportion are longer and less tapering. '' They have a more flexible 
aspect than those of 0. Egertoni^ and present in their section a difiereut form of the 
central ossicula; for these, instead of being trilobate, are oblong, with a triangular 
central anterior lobe."^ In the fine specimen I have figured the ventral surface of the 
rays has the marginal angle much more acute than the homologous part exhibits in 
0. Egertoni. 

Affinities and Differences. — This species may be readily mistaken for 0. Egertoni ; 
when carefully examined, however, it is found to possess a smaller disk, longer and less 
tapering rays, having a more acute angle at the margins of their ventral surface; a 
section of the central ossicula exhibiting a bilobed outline, whereas in 0. Egertoni a 
similar section shows a trilobed form. 

Locality and Stratigraphical Position, — This species, like the preceding, is found on 
the surface of the large blocks of hard micaceous sandstone described by me as the Star- 
fish-bed of the Middle Lias at Down Clifi*, near Bridport Harbour, Dorsetshire. (See p. 
145.) It is associated with Ammonites Jimbriatus, Sow., Amm. margaritatua, Mont., Belem- 
nites elongatus, Mill., and Ophioderma Egertoni, Brod. 

History, — First discovered by my old friend the late Dr. Murray, of Scarborough, and 
communicated by Dr. Bowerbank, F.R.S., to the late Professor Forbes, who first described 
it in the ^Proceedings of the Geological Society' for 1843. The very fine specimen 
figured in PI. XVIII belongs to my cabinet. 

J Forbes, * Proc. Geol. Soc ,' vol. iv, p. 233. 
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Opbiodeema Gaveti, JFriffht, 1852 ; PL XV, fig. 1, tf, i, c, rf, 2, 8; PL XVII, fig. 1, a, i. 

Ophiodibha Oaysti, Wr^ht. ADnals and Mag. of Nat. Hist 2nd Beries, vol. xiii, 

p. 183» pi. xiii, fig. 1, 1854. 

— — Forbes, in Morris's Catalogue of Brit. Fossils, 2nd ed., 

p. viii, 1854. 

— — JFr^iht. Brit. Association Report for 1856, p. 402, 1857. 

Disk lai^, flat, circular; radial plates large, the pairs closely approximated, and 
separated firom the adjoining radial plates by an interval ; arms long, slender, tapering 
gradually ; dorsal and ventral plates narrow, the dorsal with a central carina ; lateral plates 
support short, stiff, pectinated spines ; base wide, oral opening small, surrounded by five 
pairs of very prominent tooth-like processes. 

Dimensions. — Diameter of the disk, one inch and four tenths ; diameter of the rays at 
their junction with the body, one fourth of an inch ; length of the rays, four times the 
diameter of the disk. 

Description, — ^This Ophiura is found as yet only in one horizon of the Middle Lias, 
and many fine specimens have been discovered in the original locality near Chipping 
Camden ; the one showing the upper surface (PI. XV) is in my cabinet, that showing the 
base belongs to the Museum of the Worcestershire Natural History Society, and I am 
indebted to my friend Sir Charles Hastings, the President, for his kindness in allowing 
this fine specimen to be figured in my work. 

The disk is large, fiat, and circular, slightly inclining to a pentagonal form ; it is 
composed of ten thin, triangular, radial plates, arranged in pairs, each pair forming a 
heart-shaped shield, with an elevated central carina, formed by the rudimental dorsal 
plates of the rays covering the prominent vertebral osselets ; each pair appear to have 
been firmly articulated together ' along the median line, and free from the adjoining 
pairs at their margins; their surface is smooth, and at the. apex of the plates ten 
elevated eminences indicate the bifurcated terminations of the radial carinae (PL XV, 
fig. 2). The rays are long, slender, and taper gently ; the dorsal plates are small and 
hexagonal; they are nearly all absent, leaving the osselets thereby exposed (PL XV, 
fig. 1 b, l,c). This defect gives a peculiar character to the dorsal surface of the ray, 
which might be mistaken for a kind of ornamentation ; the lateral plates are rounded 
and closely imbricated, and their free border is toothed with five or six pectinated 
processes, which in the living state supported spines (PL XV, fig. 1, c, fig. 2, and fig. 3) ; 
the remains of these are sometimes seen attached to their supports ; the lateral plates 
clasp the rays firmly and securely, and overlap the dorsal and ventral plates, the latter 

20 
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are well developed and much elongated transversely ; their position and character is well 
seen in PI. XV, fig. I, a, 6, c. 

The buccal plates are absent, but the ten osselets bj which the rajs were articalated 
with the disk are well preserved in the specimen figured in PI. XVII, fig. I, a. ITiese 
form a considerable star-shaped oral aperture, from the angles of which a tooth-like 
process projects inwards towards the mouth. 

Affinities and Differences. — This Ophiura in its general contour resembles Ophioderma 
MiUeri ; it is distinguished fi-om that species by having a larger disk, with more slender, 
tapering rays; the arm-plates are likewise much smaller, and the radial plates of the 
disk larger. The magnitude of the disk, the structure of the radial plates, and the size 
of the rays, distinguish it from Ophioderma Egertoni. 

Locality and Stratigraphical Position. — This Sea-star was discovered by my fiiend 
Mr. Gavey, F.G.S., in the Middle Lias of Mickleton Tunnel, near Chipping Gampden, 
Gloucestershire, whilst making the West Midland Railway ; it came from the zone of 
Jmmonites capricomus ; with that Ammonite were associated Cidaris Edwardsii, Wr., 
Hemipedina Botoerbankii, Wr., Uraster Gaveyi, Porb., Tropidaster pectinattts, Porb., and 
Pentacrinus robustus, Wr. Besides these Radiata about sixty species of Mollusca 
were discovered in the same bed. 

I must refer to Mr. Gavey's memoir and section of the cuttings for farther details.^ 
Fragments of the rays have been found at Hewletts Hill, near Cheltenham, in the same 
zone of the Middle Lias. 

History. — Pirst figured and described in the * Annals and Magazine of Natural History' 
for 1852, from specimens kindly sent me by Mr. Gavey. I am not aware that it has been 
found in any other localities. 



Ophioderma carinata, Wright^ n. sp. PL XVI, fig. 1, «, b. 

Disk small, flat, pentagonal ; radial plates small, the pairs closely approximated, and 
separated from the adjoming radial plates by a smooth membranous space ; arms long, 
slender, and gradually tapering; dorsal plates narrow, with an elevated central carina; 
membranous covering of the disk smooth, and extending like a web between the base 
of the mys. 

Dimensions. — Diameter of the disk seven tenths of an inch ; length of the rays, three 
inches, or about four and a half times the disk s diameter ; breadth of the ray at its base 
one fifth of an inch. 

1 " Railway Cuttings at Mickleton Tunnel and Aston Magna," by G. E. Gavey, Esq., F.G.S. ; * Quart. 
Journ. Geol. Soc.,' vol. iz, p. 29, 1853. 
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Description. — This Ophiura resembles Ophioderma Gaveyiy Wr., in the general 
structure of the disk and rays; the disk, however, is proportionately smaller. The 
radial plates are closely approximated, and between each pair there is a smooth depressed 
space; the margin of the disk appears to have been membranous, and extended like 
a web between the base of the rays (fig. 1, at). In the centre of the disk the ten 
osselets, arranged in pairs, forming part of the buccal framework, are seen projecting 
upwards (fig. 1, a). 

The long and slender rays taper gently to their apex ; the dorsal plates are narrow, 
and form a well-marked carina on the middle of the rays. The lateral plates are large, 
rounded at their free margin, and closely imbricated ; there are some obscure indications 
of small dentations on their outer border for the support of spines (fig. 1, i). None 
of the ventral plates are exposed in the only specimen of this species I have seen. 

Affinities and Differences, — ^This species, in its general form, proportions, and structure, 
resembles Ophioderma Gaveyi, Wr. ; it is distinguished from that form chiefly in having 
a much narrower disk and a stronger carina on the dorsal surface of the rays. The 
plates of the rays are so imperfectly preserved thrt their characters cannot be accurately 
determined, and therefore a comparison with those of 0. Gaveyi is impossible. It is 
always prudent to write cautiously about supposed new forms of which we have only 
a solitary example to examine, for a series of specimens, were they forthcoming, might 
show that characters supposed to be specific were only varietal ; it is with much hesi- 
tation, therefore, that I have separated this Ophiura from the preceding on such feeble 
characters as a narrower disk, and more largely carinated rays. 

Locality and Stratigraphical Position. — This Ophiura was collected from the grey 
micaceous sandstone of the Marlstone at Staithes, where it is very rare ; it appears to be 
the form which was figured by Young and Bird in plate v, fig. 5, in their work on the 
' Geological Survey of the Yorkshire Coast,' of which they say — " This is a handsome 
Star-fish, having five long and bending arms, not unlike some of a smaller size found 
recently on our shores. It particularly resembles Jsterias spAarulata^ or rather we may 
venture to pronounce it the same, as it shows the five small beads encircling the mouth. 
Two of this species are in the Whitby Museum, both in clay-ironstone, occurring in the 
Alum Shale."^ 

The specimen I have figured belongs to the cabinet of my kind friend, John Leckenby, 
Esq., F.G.S., who has liberally contributed it with his other rare fossils to this work. 

1 ' Geological Surrey of the Yorkshire Coast,' p. 210. 
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Genus — Ophiolepis, MilUer and Troachely 1842. 

The upper surface of the disk provided with naked scales or shields (PI. XIII, fig. 2) ; 
two genital slits on each side of the interbrachial spaces close to the arms ; oral fissures 
bordered with a single row of hard papiUse ; maxillae armed with simple prominent 
dental processes (fig. 2) ; the lateral scutae of the arms support papillae or spines ; one or 
two scales on each tentacule pore ; the oral plates are simple and heart-shaped. 

The genus Ophiolepis forms a natural group, composed of many species, which have 
been arranged by MuUer and Troschel into three sections. The first includes those in 
which the radial or dorsal plates on the disk are surrounded with a circle of smaller 
scales ; the second in which the small scales are absent ; and third those which, besides 
scales, have rows of spines on the dorsal surface. 

* J^ecies in which the dorsal plates of the disk are surrounded with small scales. 
Type, O. ANNULOSA, PI. XIII, fig. 2. 

** Species in which the dorsal plates are not surrounded by scales. Type, 
0. CILIATA, PI. XIII, fig. 3. 

*** Species in which the disk^ besides scales, supports rows of spines. Type, 
0. scoLOPENDRiCA, Linck, tab. xl, fig. 71, 72. 

The third section corresponds to the genus Ophiopholis, M. and T., into which the 
species are now merged. 

A. Species of the Lower Lias. 
Ophiolepis Ramsayi, Wrighty n. sp. PL XIV, fig. 3, a, b. 

Disk small ; rays short, robust cylindrical ; surface of all the scuta covered with fine 
granulations ; the lateral scuta armed with short, stout, thornlike spines. 

Dimensions. — Length of the rays eleven twentieths of an inch. 

Description. — This beautiful little Brittle-star is sometimes found on the surface of 
slabs of Lower Lias, associated with portions of the stem of Pentacrinus tuberculatus, 
Mill. The disk appears to have been small ; the arms are short, stout, cylindrical, and 
clothed with a firm armour of prominent plates; examined with an inch-object-glass, 
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their surface is seen to be covered with fine granulations; the dorsal and ventral 
plates are small, rhomboidal, and much enveloped by the large lateral plates, these 
cany on each side three or four stiff thomlike spines (PI. XIV, fig. 3, a, b) ; the 
robust character of the ray, and the disposition of the spines, is well shown in these 
figures. 

Affinities and Differences. — This species, in the general structure of the arms, 
resembles OpUolepis Murravii, Forb. ; but it diflFers from that form in having them 
rounder, less tapering, and more moniliform, in consequence of the thickness of the 
scutal plates ; the short stiff spines of the lateral plates I have not seen on 0. Murravii. 

Locality and Statigraphical Position. — I have found this species on the surface of 
slabs of Lower Lias limestone from Purton passage, near Berkeley, Gloucestershire, 
associated vrith Pentacrinus tuber culatus. Miller, and young forms of Ammonites angulatm^ 
Schloth., and a small smooth Pecten^ n. sp. My friend, the Rev. P. B. Brodie, F.G.S., 
collected it fi-om the same horizon at Down Hatherley in the Vale of Gloucester. To 
his kindness I am indebted for the loan of the specimen figured in Plate XIV, fig. 3, a, b. 



B. Species from the Middle Lias. 

Ophiolepis Murravii, Forbes, sp. PI. XIV, fig. 1, «, 3, fig. 2 ; PI. XVII, fig. 2, a, b, 3, 4. 

PI. XIX, fig. 3. 

Ophiuba Muebavii, Forbes, Proc. Gcol. Soc, vol. iv, p. 233, fig. 1 . Read Not., 1 843. 

— — Charleewarth, Lond. Geol. Journ., pi. xz, figs. 4, 5, 1847. 

— — Morris. Catalogue of British Fossils, 2Dd ed., p. 84, 1854. 

— — Wright. Brit. Association Report for 1856, p. 403, 1857. 

— — Pictet. Pal^ontologie, 2nd ed., tome iy, p. 274, 1857. 
Ophiolepis Mubrayii, Dujardin et HupS. Hist. Nat. £chinod., p. 245, 1862. 

Disk large in proportion to the arms; dorsal surface covered with large scales; 
radial plates small, scutiform, and projecting on the disk; the converging ossicula 
at their bases are comparatively large and broad ; arms relatively short and tapering. 
Inferior ray-plates small and triangular. Lateral plates encroaching on those below, 
and uniting with them beneath in the median line of the ray. They appear to have 
supported large spines. 

Dimensions, — Diameter of the disk seven twentieths of an inch ; length of the rays 
eight tenths of an inch. 

Description. — ^This beautiful little Ophiura is moderately large in proportion to the 
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length of the arms; its upper 8iirface is covered with a series of small imbricated scales, 
which are disposed in consecutive order from the margin to the centre ; a double series 
of small scales are seen on the interbrachial space of the under surface (PI. XVII, fig. 2) ; 
the arms are short, broad, and tapering, not quite twice and a half the diameter of 
the disk ; the dorsal ray- plates are narrow and heart-shaped, from the manner tho lateral 
plates clasp the rays (PI. XIV, fig. 1, ^) ; the lateral ray-plates are proportionately lai^e, 
and encroach much upon the ventral series ; they have an inflated appearance and appear 
to have supported numerous small spines, of which some obscure traces only remain ; the 
ventral ray-plates are very small and triangular (PI. XVII, fig. 2, b, fig. 3, and fig. 4) ; 
they resemble a series of heart-shaped pieces inserted between the lateral plates, and 
united with them along the median line. The mouth-opening forms a star with five 
branches, presenting well-marked buccal fissures (fig. 2, i) ; in one of the specimens it 
is surrounded with small pieces disposed in a series. In the enlarged figure of this species, 
given in PI. XIX, fig. 3, the disposition of the dorsal plates is much better shown. 

Jffinities and Differences, — ^The structure of the rays, in this Brittle-star, resembles 
Ophiolepis Ramsayiiy Wr., from the Lower Lias ; it has similar large lateral and small 
ventral plates ; the absence of the disk, however, in 0. Bamsayii prevents a more perfect 
diagnosis of that species, and a more accurate comparison with 0, Murraviiy being made. 

Locality and Stratigraphical Position, — This very rare little Brittle-star was discovered 
by my friend the lat« Dr. Murray, of Scarborough, to whose liberality I am indebted 
for the specimens figured in Pi. XIV, fig. 1, and PI. XVII, fig. 2, both collected from 
the Marlstone near Staithes, on the Yorkshire coast. The one figured in PI. XIX was 
obtained from the Grey Limestone near Scarborough, and kindly communicated by my 
friend J. Leckenby, Esq., F.G.S., to whose cabinet it belongs. 

History, — First figured and described by the late Professor E. Forbes in the fourth 
volume of the * Proceedings of the Geological Society,' aftenvards by Mr. Charlesworth in 
the * London Geological Journal.' 



Genus — Acroura, Aga&siz, 1834. 

This genus, of which the organic characters arc very imperfectly defined, was esta- 
bHshed by M. Agassiz in his Prodrome for Ophiura prisca, Miinst. (PL II, fig. 5), a 
solitary species from the Muschelkalk. The form approaches much that of Ophiura 
texturata, Lamk., but differs in this, that the rays are long and very delicate ; the 
osselets of the arms are twice as long as they are broad, having their lateral borders 
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incurved (fig. 5 6) ; the lateral scuta support a number of small scales instead of spines, 
as in other genera. 



AcROURA Brodiki, Wfighty n. sp. PI. XVII, fig. 5, a, h, c. 

Disk very small, indistinct ; rays long, very delicate, slightly tapering, nearly a 
uniform thickness throughout, six times the length of the diameter of the disc ; lateral 
scutae with scale-like appendages. 

Dimensions. — Diameter of the disk one eighth of an inch ; length of the arms eight 
tenths of an inch. 

Description. — It is with considerable doubt that I have referred to the genus 
Jcroura this small Op/iiura, discovered by my friend the Rev. P. B. Brodie, F.G.S., in the 
Middle Lias near Cheltenham. Its place there I consider only as provisional until the dis- 
covery of better specimens enables us to understand its structure. The disk is extremely 
small and indistinct ; the rays are long, very delicate, and taper slightly, being nearly of 
a uniform thickness throughout ; the osselets are nearly twice as long as they are broad, and 
the dorsal plates are deeper than wide, the few lateral plates that are preserved show small 
scale-Uke appendages (fig. 5 c). The length of the osselets, and the small scales on the 
lateral scutes, have induced me to place it in the genus Jcroura. Under the microscope, 
armed with an inch-object-glass, the plates appear to be covered with fine transverse 
lines of ornamentation. 

Affinities and Differences, — The smallness of the disk, and the proportionate length 
of arms, six times as long as the diameter of the body, readily distinguish this species 
from Ophioderma tenuibrachiata, the only species of the Middle Lias for which it could be 
mistaken ; the extreme delicacy of the rays, and their nearly uniform diameter throughout, 
with the length of the osselets, form good characters for its diagnosis. 

Locality and Statigraphical Position. — This Ophiura was collected by my friend the 
Rev. P. B. Brodie, from the Middle lias of Hfewletts Hill, near Cheltenham, in the zone 
of Ammonites capricornus, during the excavation of that rock for one of the reservoirs of 
the Water-company of that town ; it was associated with the stem and side arms of 
Pentacrinus robustus, Wr. I dedicate this species to my friend the Rev. P. B. Brodie, 
F.G.8., who has kindly communicated for this work the only specimen found. 



154 OOLITIC OPHIURIDiE. 



Genw — OpBiuasLLA, A^amt. 

Disk small, membranous, and often very indistinct ; rays long and slender ; lateral 
ray-plates provided with elongated filiform spines. All the species hitherto discovered 
belong to the Jurassic series. 



Ophiue£LLA Geiesbachii, Wright PL XVIII, fig. 3, a, b, 

Ophioderma Griesbachii, Wright. Add. and Mag. Nat. Hist., 2od aeries, toI. xiii, 

pi. ziii, fig. 2, 1854. 
— > — Forbes, Id Morris's Catalogue of Brit, Fossib, 2Dd editioD, 

additioDal species, 1854. 
— — Wright. Brit. AssodatioD Report for 1856, p. 403, 1857. 

Disk small, membranous, irregularly pentagonal; rays long, round, slender, and 
gently tapering ; ventral ray-plates moderately large and pentagonal, lateral large, in the 
form of oblique shields clasping the sides of the rays in an imbricated manner, and 
supporting short stout spines ; buccal opening star-shaped, surrounded by a series of 
blunt osselets. 

Dimensions. — ^Diameter of the disk, seven twentieths of an inch ; length of the rays 
from peristome to apex, three quarters of an inch. 

Description. — ^This beautiful little Brittle-star of the Oolitic sea was discovered by 
my friend the late Rev. A. W. Griesbach, of Wollaston, to whose kindness and liberality 
I am indebted for the series of specimens I possess, and by which I have been enabled 
to make out the structure of this fossil. The disk is small and often very indistinct, 
consisting of five pairs of heart-shaped plates, so closely united together that in some 
specimens it appears to be formed of a single circular disk. Each pair of plates has a 
heart-shaped form, and the small corresponding ray stands out in bold relief from the 
under side of the disk. All the specimens I have seen lie on their upper surface, with 
the ventral exposed, so that the clothing of the disk is concealed ; in one specimen, 
however, where a portion of one of the plates is weathered, I observed with an inch-object- 
glass under my microscope the impression of a series of small imbricated scales resting 
on the matrix. The rays are long, round, slender, and gently tapering, about three times 
the length of the diameter of the disk ; their under surface, the only one exposed, exhibits 
in weathered specimens a central element of an elongated form, resembling in miniature 
the elongated centrum of the vertebra of a fish. PL XVIil, tig. 3, b shows this structure 
magnified three and a half times. In the only unweathered specimen I possess, from the 



PLATE XIII. 
The figures in this Plate are copied from Mtiller and Troscbel's ' Sptem der Asteriden/ 

PlO. 

1. Ophioderma longicauda, Linck, sp. p. 135. 

2. Ophiolepis annulosa, Lafnarck, sp. p. 185. 

3. „ ciLiATA, Retz, sp. p. 135. 

4. Ophiocoma dentata, MuU. and Trosch. p. 135. 

5. Ophiarachna septemspinosa, Kuil and ffasselt, sp. p. 135. 

6. Ophiomastix annulosa, Lamarck, sp. p. 135. 

7. Ophiomyxa pentagona, Linck, sp. p. 135. 

8. Ophiothrix Rammelsbergii, Mull, and Trosch, p. 136. 
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PLATE XIV. 

Fig. 

1. Ophiolepis Murravii, Forb. p. 151. 

a. Natural size. 

b. Ray, magnified. 

2. Ophiolepis Murravii, Forb. p. 151. Under surface, copied from the * Ldndon 

Geological Journal,' pi. xx, fig. 4. 

8. Ophiolepis Ramsatii, Wright, p. 150. 

a. Rays, magnified. 

b. Three rings, greatly enlarged. 

4. Ophiurella speciosa, Munster. p. 134. 

5. AcROURA PRiscA, Mumter, p. 133. 

a. Natural size. 

b. Portion of a ray, magnified. 

6. ASPIDURA LORICATA, GoldfuSH. p. 133. 

a. Under surface. 

h. Upper surface. Both magnified. 

7. Geocoma Libanotica, Konig, p. 134. Under surface, magnified. 

8. Aplocoma Agassizii, Munster. p. 134. Under surface, magnified. 

9. Protaster Sedgwickii, Forbes, p. 136. Under surface, magnified. 
10. Amphiura tenera, Liitken, p. 136. 

a. Under 1 ^ ^ ,. , .^ , 
_ -_ \ surface of disk, magnified. 

b. Upper J 



PLATE XV. 

Fig. 

1 a. Ophioderma Gaveyi, Wright, p. 147. Upper surface, natural size; this specimen 

belongs to Dr. Wright's collection. 
h, „ „ Portion of a ray, dorsal surface, mag- 

nified twice. 

c, „ „ Ditto, with latenJ spines, magnified 

four times. 

d. „ „ Ditto of terminal part, magnified four 

times. 

2. „ „ Disk and dorsal plates, natural size. 

3. „ „ Threeringsofaray, magnified six times; 

this specimen belongs to Dr. 
Wright's collection. 
4 a. Ophioderma Egertoni, ^roefenjy. p. 143. Basal surface, natural size; this 

specimen is in Dr. Wright's 
cabinet. 
b, „ „ Under surface of the disk, magnified 

twice, 
5. „ „ Portion of a ray, magnified four 

times. 
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PLATE XVI. 



Fig. 
1 a. Ophioderma carinata, Wright, p. 148. Upper surface, natural size ; this 

specimen belongs to the col- 
lection of J. Leckenby, Esq., 
RG.S. 
Portion of a ray, magnified four 
times. 
MiLLERi, Phillips, p. 140. Portion of a ray, magnified three times. 

Upper surface of the disk, natural size. 
A slab of Marlstone, with several speci- 
mens thereon in high relief, belonging 
to the Museum of the Yorkshire 
Philosophical Society. 



h. 

2. 

3 a. 
4. 



99 



99 



99 



i9 



99 



PLATE XVII. 



Fio. 



1 a. Ophiodbrma Gaveti, Wright p. 147- Under surface, natural size ; this 

specimen belongs to the Museum 
of the Worcestershire Natural 
History Society. 
h. „ „ Portion of a ray, magnified three 

diameters. 

2 a. Ophiolepis Murravii, Forbes, p. 151, Under surface, natural size, on a slab 

of Marlstone; this specimen be- 
longs to Dr. Wright's collection. 
The same, magnified two diameters 
Portion of a ray, magnified four 

times. 
Ditto, magnified four times. 
o a, AcROURA Brodiei, Wright, p. 153. Specimen, natural size; this specimen 

belongs to the collection of the Rev. 
P. B. Brodie, F.G.S. 
The same, magnified three diameters. 
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PLATE XVIII. 



Fio. 



1 a. Amphiura Pratth, Forbes, p. 156. 



b. 
c. 
d. 
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3. 



Under surface^ natural size ; this speci- 
men belongs to the British Museum. 
Portion of a ray, magnified four times. 
Ditto of the base, magnified four times. 
Lateral portion, magnified four times. 
Small specimen coiled up on a slab> 
natural size. British Museum. 
8 a, OpHiUREUiA Griesbachii, Wright, p. 154. Natural size, under surface ; this 

specimen belongs to Dr. 
Wright's collection. 
The same^ magnified three and a 

half diameters. 
Portion of a ray, showing spines, 
magnified six diameters. 
5 a, Ophioderma tenuibrachiata, Forbes, p. 146. Under surface, natural size, on 

a slab of Middle Lias sand- 
stone; this specimen belongs 
to Dr. Wright's collection. 
b, „ „ Portion of a ray, magnified 

four times. 
Terminal portion, magnified 
four times. 
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